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ABSTRACT 
The increasing evidence of associations between physical activity, sedentary behaviour, 
sleep duration and diet and both immediate and long term health implications is of public 
health concern.  There is a need to further our understanding of the patterns of these 
behaviours and how they affect poor health indicators individually and simultaneously.  This 
thesis aims to advance the current literature by investigating associations between multiple 
lifestyle behaviours and indicators for poor health and identifying patterns of physical 
activity, sedentary behaviour, sleep duration and dietary intake.    
 
Anthropometric measurements and bioelectrical impedance analysis were collected from 72 
UK adults.  These participants were asked to wear an ActiGraph GT1M accelerometer to 
objectively measure their physical activity and sedentary behaviour across 7 consecutive 
days.  Over these 7 days, participants also completed a self-report daily sleep diary and a 
food frequency questionnaire.  Participants were asked to complete these measurements at 
4 different time points across the year in order to capture these behaviours over each 
season; 46 participants completed all 4 seasons.  Using the data collected from the 72 
participants who completed at least 1 season, regression analyses were conducted to 
identify associations between lifestyle behaviours and indicators for poor health.  Repeated 
measures ANOVAs were conducted on data from 52 participants who provided the full 7 
days of data during their initial measurement period to assess day of the week variations in 
physical activity, sedentary behaviour and sleep patterns.  Repeated measures ANOVAs 
were also conducted on physical activity, sedentary behaviour, sleep and dietary intake data 
provided by the 46 participants who provided 4 seasons of data to assess seasonal variation. 
 
This thesis demonstrated that in a sample of relatively active, UK adults, time spent in 
moderate-vigorous physical activity and sedentary behaviour had a negative association 
with BMI and body fat percentage, increased time spent in moderate-vigorous physical 
activity was also associated with decreases in waist circumference.  Light intensity physical 
activity had a positive association with BMI, body fat percentage and diastolic blood 
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pressure.  There were significant day of the week variations in light intensity physical 
activity, sedentary behaviour and time spent in bed, with light intensity physical activity and 
time in bed being significantly higher on a Sunday, whilst sedentary behaviour was 
significantly lower on a Sunday in this sample of UK adults.  In addition to day of the week 
variations, there were seasonal variations in light intensity physical activity, sedentary 
behaviour and time spent in bed and sleep durations (weekdays only).  Over the winter 
months, light intensity physical activity was significantly lower, whilst sedentary behaviour, 
time in bed and total sleep time was significantly higher.  No seasonal variations in time 
spent in moderate-vigorous intensity physical activity or diet were observed in the present 
sample. This thesis demonstrates that lifestyle behaviours that have been found to affect 
health do vary over the week and across different seasons.  This research has implications 
for surveillance studies which estimate these behaviours at one time point throughout the 
year, and also for interventions aimed at improving these behaviours which are 
implemented at just one time period of the year.  Strategies for overcoming barriers to PA 
under unfavourable environmental conditions will be needed for this to be achieved, in 
addition to interventions reducing SB, even in the winter months.   
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CHAPTER 1                      INTRODUCTION 
 
Throughout human existence, the relationship between humans and their environment has 
undergone major changes.  There have been large shifts in lifestyle behaviours and diet, 
which are reflected in changes in body composition and disease patterns.  Today’s 
population are most at risk of overweight and obesity and associated chronic diseases.  
Omran 285 proposed the term; “epidemiologic transition” to attempt to explain long term 
shifts in the pattern of disease from a high prevalence of infectious diseases, which are 
associated with malnutrition, periodic famine and poor environmental sanitation, to a 
pattern of a high prevalence of chronic diseases.  The most evident indicators of this 
transition are the apparent changes in mortality and morbidity.  The “demographic 
transition” is a model based on the interpretation of Warren Thompson in 1929 which aims 
to describe population changes in mortality and fertility over time.  With environments 
becoming cleaner and improved living conditions, there is a reduction in mortality, 
particularly in the early years of life.  As a consequence of the demographic transition, more 
individuals survive into adulthood and experience adult disease patterns, such as non-
communicable diseases due to lifestyle changes 189. 
 
Within these concepts, “the nutrition transition” and more recently “the physical activity 
transition” have been proposed as terms to describe how changes in lifestyle behaviours, 
particularly diet and physical activity (PA), have occurred concurrently with the rising 
prevalence of chronic diseases 184,302.  The PA transition and nutrition transition have 
attempted to explain, in part, how both the epidemiologic and demographic transitions 
have transpired into changes in lifestyle behaviours. 
 
Human beings evolved during the Paleolithic period millions of years ago and established 
themselves primarily as hunter-gatherers.  Historic research has shown that the hunter-
gatherers were fit, lean and free from signs of chronic diseases.  For the hunter-gatherers 
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existence, high levels of PA were a necessity for acquiring food and water and to secure 
shelter and protection.  During the Paleolithic era, there was not a universal diet, instead, 
diet was determined by factors such as climate and geographical location.  However, 
fundamental components of the hunter-gatherer diet included whole, natural and fresh 
foods, such as fruit and vegetables 71.  With the lack of agricultural and animal husbandry, 
dietary choices would have been limited to minimally processed plant and animal foods.  
Our Paleolithic ancestors exerted themselves daily, walking and running 5-10 miles a day 
foraging and hunting for their food sources 72.  They would also climb, leap, lift, carry and do 
whatever else was necessary to secure their survival.  Though humans adapt to their 
environment, lifestyles still required moderate to high levels of PA up until the 18th century 
for survival.  From the late 18th century industrialization took place with advancements in 
technology, which generally resulted in lower required levels of PA 139,153.  During the 20th 
century, these advancements increased rapidly due to shifting occupations towards the 
service sector and more labour saving devices becoming available. This resulted in the 
economically developed world shifting towards the highly mechanised, commuter, 
computer-driven world that exists today 99, 147.   
 
The PA transition (Figure 1.1) highlights the factors contributing to the shifting patterns of 
PA 184.  Over time, the role PA plays in relation to activities required for survival has reduced 
dramatically.  Daily living now comprises minimal requirements of PA and high levels of 
sedentary behaviour (SB).  In developed countries, the need for PA for survival tasks has 
diminished and therefore the reason for participating in PA now include enjoyment, 
occupation, domestic demands, and maintenance of body weight normally for the 
management or prevention of the onset of chronic disease.  For the majority of human 
existence, the focus has been on maintaining energy intake to allow energy balance through 
the maintenance of sufficient PA for living. However, today the PA engaged in can more 
productively be used to compensate for the increasing energy intake side of the energy 
balance equation to maintain health 99, 171.  As the human genome has remained largely 
unchanged and humans are genetically predisposed to lead a highly active lifestyle 32, based 
on our hunter-gatherer past, the predominantly sedentary lifestyles led today may be 
contributing to the increased prevalence of obesity 125, 172 and the subsequent development 
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of chronic diseases such as cardiovascular diseases 284,432, type 2 diabetes 93, 146 and some 
cancers 112, 216.  Furthermore, the PA transition model demonstrates how changes in PA and 
increasing levels of SB are occurring in different domains (work, home and leisure time).  
Healy et al 143 indicated that in order to fully understand sedentary behaviour, a measure of 
sleep needs to be included.  This is a component of sedentary behaviour which is often 
forgotten in epidemiological studies investigating the effects of sedentary behaviour on 
health. In order to fully understand the nature of physical inactivity, it is important to 
examine PA and SB in all areas of people’s lifestyles.  Therefore, this study has included a 
measurement of sleep duration in order to fully account for all aspects of SB.     
 
 
FIGURE 1.1. MODEL OF CONTRIBUTING FACTORS AND HEALTH OUTCOMES ASSOCIATED WITH THE PA TRANSITION. 
 
In addition to PA, changes have also been made to nutrition 302, which have had detrimental 
effects on the energy balance equation resulting in obesity epidemic which is present both 
in the UK and Worldwide 400.  Figure 1.2 portrays the nutrition transitions and highlights 
Source: Katzmarzyk and Mason (2009) J Phys Act Health 6 
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how societies today have shifted from consuming the traditional diets of our Paleolithic 
ancestors (based on fruit, vegetables, grains and limited supplies of animal foods) to a diet 
high in saturated fats, sugars, animal based foods and refined foods low in fibre – the 
“Western diet” 303.  The last 3 phases/patterns in the nutrition transition proposed by 
Popkin and Gordon-Larsen 305 are generally representative of the nutritional shifts in the 
global population today. These are the 3 which have attracted the most attention.  The work 
in this thesis concentrates specifically around patterns 4 and 5, which are most relevant to 
the population under study in this work. In pattern 4, shifts in activity patterns and diet 
results in the emergence of new diseases.  In pattern 5, a behavioural change begins and 
reverses the negative tendencies of the previous patterns.  There are a range of factors, 
such as urbanization, economic change, technical change and changes to the built 
environment, that drive the changes to diets that are higher in energy and fat content 301.   
 
 
FIGURE 1.2. STAGES OF THE NUTRITION TRANSITION 
 
For many years seasonality has been considered an important factor affecting human 
societies.  Historically, there have been seasonal variations in behaviours, such as PA and 
diet 344, with factors such as geographical location, climate and rainfall influencing not only 
Source: Popkin and Gordon-Larsen (2004) 
. 
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the abundance of food supply and quality, but also conditions and distances needed to 
travel for survival supplies, which, in turn, affected activity levels.  There is similar evidence 
in today’s literature that there are changes in nutrition and PA throughout the seasons 
228,396.  These variations may be due to changes in temperatures, daylight hours and monthly 
precipitation 258, 380.  For instance step counts have been demonstrated to be higher in UK 
adults during the summer months when compared with winter 134.  Evidence from Canada 
has also found that walking for recreation, transport and achievement of sufficient 
moderate PA is more likely in summer, spring and autumn in comparison to winter 251.  
Similar research in the United States has shown that weekly leisure time energy expenditure 
averaged ~15-20% higher in summer when compared with winter energy expenditure 299.  
There has also been research investigating seasonal variation in energy intake, however, the 
results have been inconclusive 228,396.  There is evidence to suggest that there were slight 
seasonal variations in the percentage of calories from fat and saturated fat, with the peak in 
autumn.  However, the percentage of calories from carbohydrate and protein has been 
shown to remain fairly constant throughout the seasons 228.  Limited information exists 
however on seasonal changes in dietary intake measured in UK adults. 
 
Research to date has primarily examined one (e.g. Healy et al 144 (SB); Buxton and Marcelli 43 
(sleep duration); Hamer and Mishra 129 (diet); Waller et al 398 (PA)), or two (Klesges et al 192 
(PA and diet); Ford et al 109 (SB and PA); Healy et al 146 (SB and PA)) lifestyle behaviours in 
adults in relation to the major public health crisis we are experiencing in modern society.  
However, the modern day health crisis has resulted from a multitude of lifestyle behaviours 
and these need studying concurrently. Kvaavik and colleagues 207 investigated the influence 
of multiple health behaviours on health (PA, diet, smoking and alcohol consumption), 
however, they failed to acknowledge SB and sleep duration, two modifiable health 
behaviours which have been shown to have an effect on health 144, 145, 194, 201.     
 
Overview of thesis 
In order to design interventions that help individuals to challenge the current obesogenic 
environment, it is vital to fully understand the combined contribution of lifestyle behaviours 
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within individuals in a range of environments and domains 290.  There have been dramatic 
technological changes in the workplace with computer based activities becoming the 
predominant mode of working 221.  This has resulted in many employees spending most of 
their working days sitting 153,154, therefore putting working aged adults at increased risk for 
developing chronic diseases associated with sedentary lifestyles.  There has been recent 
research by Lake and colleagues 210 and Fulton et al 113 which have examined PA, SB and 
dietary intake in youth, however to date, limited information exists on the relationship 
between PA, SB and dietary intake concurrently measured in adults.  Though limited, there 
is evidence of the existence of day to day variability in PA 63,249, along with seasonal 
variations in PA 247, 299, 396 occurring in adults.  However there is a need for further research 
to fully understand the sources of these variations and to attempt to identify whether 
seasonal variations in SB also exist.  It is important to identify patterns of seasonality for 
these lifestyle behaviours in UK adults and not to generalise findings from the United States 
of America, as seasons in the UK are different to those experienced in America.    
 
The aim of this thesis is to increase our understanding of the association between multiple 
lifestyle behaviours, PA, SB (including a measure of sleep) and diet on energy balance and to 
understand daily and seasonal variations of these behaviours in working-aged adults.  In 
order to achieve this, the thesis has the following objectives: 
• To assess the feasibility of simultaneously monitoring multiple lifestyle 
behaviours (PA, SB, sleep and diet) in a sample of UK adults using previously 
validated methods. 
• To investigate the associations of these lifestyle behaviours on indicators for 
obesity and subsequent poor health (weight, BMI, body fat percentage, waist 
circumference and blood pressure). 
• To understand the patterns of these lifestyle behaviours and variations over 
different days of the week. 
• To increase our understanding of seasonal variation in lifestyle behaviours by 
examining these behaviours longitudinally in the same sample over a one year 
period. 
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The work outlined in this thesis aims to add to our knowledge on the influence of multiple 
lifestyle behaviours on health in working aged UK adults.  With further understanding, 
interventions designed to initiate behaviour change may be more successful at reducing the 
incidence of obesity and subsequent development of chronic disease. The structure of the 
chapters presented in the thesis are described below: 
 
Chapter 2 appraises the current literature reviewing PA behaviours, SB, sleep and dietary 
intake and establishes the gaps in the research on these lifestyle behaviours.  The review 
demonstrates the established health benefits of PA, low levels of SB and the importance of 
sleep and diet for health.  Evidence on these lifestyle behaviours and health are constantly 
being updated, therefore these literature reviews summarise the wealth of research on 
these lifestyle behaviours and components of health.  The various methods of assessing 
these behaviours are comprehensively evaluated, along with the literature examining 
seasonal changes in these behaviours.   
 
Chapter 3 describes how the methodology for the longitudinal study was developed.  This 
was the first study to consecutively measure PA, SB, sleep and diet in a sample of UK adults, 
therefore a feasibility study was conducted to ascertain how these multiple behaviours 
could be assessed.  Section 3.1 demonstrates how the methodology was developed and the 
strengths and weaknesses of this methodology.  Section 3.2 describes the methodology 
adopted for the longitudinal study based on the results from the feasibility study. 
 
Chapter 4 presents the initial results of the longitudinal study from all participants’ first 
season of monitoring.  In this chapter, the characteristics of the participants who completed 
their first monitoring period and those who were recruited but did not complete the first 
monitoring period are presented and compared.  Mean minutes spent in PA, SB and sleep as 
well as mean caloric intake for both males and females who completed their initial 
measurements are presented. Typical time spent in PA and SB on weekdays and weekend 
days, as well as day of the week variations in PA, SB and sleep are portrayed in this chapter.  
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Additionally, associations between lifestyle behaviours and health parameters are displayed 
in chapter 4.   
 
Chapter 5 depicts the effects of season on the measured variables.  The compliance rates 
and the characteristics of the participants who completed each season are presented first, 
followed by the longitudinal results for PA, SB and sleep, diet and finally, the seasonal 
variation of health indicators of the participants who completed all four seasons.     
 
A discussion of the findings of the research presented in this thesis is presented in Chapter 
6. In this chapter the study findings are discussed in the context of the thesis aims and 
objectives, and the importance of the findings are contextualised within this final chapter. 
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Literature Reviews 
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CHAPTER 2           LITERATURE REVIEWS 
 
This chapter contains 3 reviews of the literature.  The basis of this PhD research is lifestyle 
behaviours, in particular physical activity (PA), sedentary behaviour (SB) including sleep, and 
diet, measured in working-aged adults.  These reviews will present and summarise the 
current literature on the health outcomes associated with these behaviours. The review will 
also cover the assessment and variability of these lifestyle behaviours.  Additionally, there is 
a section reviewing the evidence on seasonal variation in lifestyle behaviours.   
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2.1                PHYSICAL ACTIVITY 
 
The first section of the literature review examines the literature on physical activity (PA).  
The chapter looks into studies which have explored the health benefits of PA, both 
physiological and psychological.  There are also reviews on the tools and methods used to 
assess PA, along with PA interventions in the environment and in the workplace.  The aim of 
this review is to understand the current PA levels of adults and to comprehend what 
interventions have been conducted and where more research may need to take place. To 
carry out this review electronic searches of Medline, PubMed, Science Direct, PsychInfo, 
SportsDiscus and ArticleFirst databases were conducted using combinations, and variations 
of the following keywords: physical activity, exercise, physical fitness, lifestyle behaviours, 
health, chronic disease, assessment, measurement, monitoring, workplace, adults and 
seasonality.  The search criteria only included working aged adults, aged 18-65 years of age.  
The search was restricted to research conducted in developed countries. To further the 
search a manual search of reference lists of key literature supplemented the electronic 
search.   
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Physical Activity and Health 
Our Paleolithic predecessors were leaner and fitter than modern day humans.  There is 
reason to believe that this was partially due to the amount of PA they conducted in order to 
survive 99.  There is substantial evidence that sedentary lifestyles and low physical fitness are 
among the strongest predictors of premature mortality 133, 182, 287, 288.  Regular PA has long 
been regarded as an essential component of a healthy lifestyle.  There is a wealth of 
evidence to support the role of PA in promoting good health 21, 191, 404 and reducing the risk 
of developing many chronic diseases including obesity 90, 147, cardiovascular diseases such as 
coronary heart disease (CHD) 198, and hypertension 105, diabetes 118 and some cancers 112.  
Exercise and PA, especially if it is habitual, has also been associated with a multitude of 
psychological benefits 256, 332, 357, 366.  Despite the benefits of PA, on-going PA surveillance 
studies in the UK consistently demonstrate low levels of PA in the adult population.  
According to the 2008 Health Survey for England (HSfE) assessing PA levels via self-report, 
only 39% of men and 29% of women aged over 16 years met the PA recommendations set 
out in the 2004 Chief Medical Officer’s report 85. However, as part of the same survey, when 
PA was assessed objectively via accelerometers in a sub-sample of participants, it appears 
that only 6% of men and 4% of women 76 met the 2004 Chief Medical Officer’s 85 PA 
recommendations of at least 30 minutes a day of at least moderate intensity activity on 5 or 
more days of the week.  As the large body of observational and experimental evidence is 
rapidly growing, current PA guidelines have been altered from the previous Chief Medical 
Officer’s report 85.  As of July 2011, the Department of Health recommends 86 “adults should 
aim to be active daily. Over a week, activity should add up to at least 150 minutes (2½ 
hours) of moderate intensity activity in bouts of 10 minutes or more” (pp.32-33). Two 
recent reviews published in 2010 by Warburton et al 402 and O’Donovan and colleagues 278 
consistently identified a weekly volume of 150 minutes of moderate intensity PA as being 
associated with substantial health benefits.  These new guidelines place a new emphasis on 
daily PA as scientific evidence indicates changes such as improved mood, increased insulin 
sensitivity and favourable alterations in glucose and fat metabolism occur for up to 24–48 
hours following activity 278, 402.  
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The declining levels of PA are placing an increased economic burden on the National Health 
Service with direct costs of physical inactivity related ill-health adding up to £1.06 billion per 
year 5.  Overweight and obesity occurs when there is an imbalance between energy intake 
and expenditure 11.  In order to maintain a stable body weight, energy intake must, over 
time, equal that of energy expenditure.  Hill et al 154 believe that the obesity epidemic has 
resulted from a small, gradual yearly weight gain and concluded that weight gain in 90% of 
the US population was due to a positive energy imbalance of 100 kcal/day or less.  Excessive 
adiposity is a major public health concern as it is a leading risk factor for premature 
mortality and for many chronic diseases.  A study by Cameron et al 45 found that abdominal 
obesity was associated with odds ratios between 2 and 5 for the metabolic syndrome, type 
2 diabetes, dyslipidaemia and hypertension.  Additionally, the risk of myocardial infarction 
among obese participants was also increased in men (hazard ratio [HR], 2.75; 95% CI, 1.08-
7.03), but not in women (HR, 1.43; 95% CI 0.37-5.50).  Data from Katzmarzyk and Janssen 183 
revealed that the risk of developing CHD is increased by approximately 200% in an obese 
individual, the risk of developing type 2 diabetes is increased by approximately 300% and 
the risk of developing hypertension is increased by about 400% in obese individuals.  The 
promotion of healthy eating and regular PA is essential for the prevention of obesity and the 
subsequent development of many other chronic diseases.    
 
Chronic diseases have become a serious and increasing public health problem, with 
cardiovascular diseases accounting for 39% of deaths in men and women in the UK 86.  There 
is vast scientific literature examining the role that PA and fitness play in contributing to CHD.  
A landmark study by Morris et al 264 reported that London bus drivers experienced higher 
rates of CHD than their more occupationally active counterparts, the bus conductors.  There 
is evidence to suggest that there is a dose-response relationship between PA and the risk of 
CHD 198, 292.   Paffenbarger, Wing and Hyde 292 concluded that there is a protective effect of 
PA whereby those who are more physically active are, on average, less likely to develop 
CHD.  It is also understood that if those who lead sedentary lifestyles can perform modest 
amounts of PA, they will benefit from a greater reduction in risk 266, 401.  Numerous other 
studies have confirmed a reduction in ischemic events in individuals who are physically 
active at work or during leisure time, including studies on longshoremen 291 and railroad 
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workers 340.  Wannamethee and Shaper 401 found that moderate intensity PA significantly 
reduces the risk of stroke and heart attacks in British middle-aged men both with and 
without pre-existing ischemic heart disease.     
 
Studies have examined the effect of physical activity on blood pressure levels.  A large 
cohort study of Harvard alumni men assessed the relationship between physical inactivity 
and the incidence of hypertension 293.  It was found that presence or absence of a 
background of collegiate sports, stair-climbing, walking or light sports play did not influence 
the risk of hypertension, however, those who did not currently participate in vigorous sports 
play were at a 35% greater risk of hypertension compared to those who do currently 
participate in vigorous sports.  Whelton et al 417 reviewed 54 clinical trials and concluded 
that aerobic exercise significantly reduces both systolic and diastolic blood pressure in both 
hypertensive and normotensive subjects and in both overweight and normal weight 
individuals.  As the magnitude of reduction did not significantly differ among trials with 
varying types, intensity and frequency of exercise, it was concluded that all forms of 
exercise were effective in reducing blood pressure.  
 
Although the relationship between the level of PA and risk of CVD has been the most 
extensively studied, there is emerging evidence suggesting that PA may contribute to the 
prevention and control of cancer and other diseases.  According to the annual mortality 
statistics published by the Office for National Statistics, cancer is the second largest cause of 
mortality, accounting for over 140,000 deaths in 2009 281.  Along with poor diet and tobacco 
use, physical inactivity is a primary risk factor for cancer which may be modified through 
behaviour change 371.  A review study by Friedenreich and Orenstein 112 found convincing 
epidemiological evidence for an association between PA and colon cancer, with 43 out of 51 
studies demonstrating a reduced cancer risk in physically active males and females.  This risk 
reduction averaged around 40-50%.  Out of 29 papers examining whether a dose-response 
relationship could be found between PA and colon cancer, 25 studies found increasing PA 
levels were associated with a trend of decreased risk.  Despite a lack of homogeneity of PA 
assessment methods, a consistent reduced risk was found across different study designs and 
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populations.  Similar results were demonstrated by Thune and Furberg 371.  A dose-response 
effect of PA on colon cancer was observed when participation of activities was at least of 
moderate intensity.   
 
There is also convincing evidence of an association between PA and breast cancer 
Friedenreich and Orenstein 112. Forty-four studies were included in this review and 32 of 
these found a reduced risk in breast cancer in the most active women, with the average risk 
reduction being between 30-40%.  A review by Monninkhof et al 275 found evidence to be 
much stronger when looking at the association between PA and postmenopausal breast 
cancer, with risk reductions ranging from 20-80%.   However, for pre- and postmenopausal 
breast cancer combined, Monninkhof and colleagues 263 reported a more modest 
association with risk reductions of 15-20%.  This study conducted a trend analysis, indicating 
that a 6% risk reduction in breast cancer is obtained for each additional hour of PA per 
week, assuming that the level of activity would be sustained.   
 
Although the evidence for prostate cancer is less consistent than that for colon and breast 
cancer, 15 out of 30 studies identified a reduced risk in physically active men.  Results from 
two large reviews suggest 371, 112 the average reduction in risk is slightly lower than that 
observed for colon and breast cancers at 10-30%.  There was insufficient evidence to 
suggest an association between PA and other cancers, however, there is ample evidence to 
encourage PA to reduce the risk of developing some cancers. 
 
PA is also recommended by physicians to patients with type 2 diabetes, as it is believed to 
increase sensitivity to insulin.  Both aerobic exercise and resistance training have been 
shown to decrease the risk of type 2 diabetes 234, 316, 337.  Manson and colleagues 239 
followed 87,253 female nurses aged 34-59 years for an average of 8 years and found that 
women who reported partaking in vigorous exercise at least once a week had a 33% lower 
age adjusted risk of developing diabetes when compared to the women who reported no 
exercise.  These results were mirrored the following year by Manson et al 238in a group of 
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21,271 US male physicians aged between 40 and 84 years.  The investigators observed that 
men who reported engaging in vigorous exercise at least once a week had an age adjusted 
relative risk of 0.64, compared with those who exercised less frequently.  The age adjusted 
relative risk of type 2 diabetes appeared to decrease with increasing frequency of exercise; 
0.77 for once weekly, 0.62 for 2-4 times a week and 0.58 for five or more times per week.  A 
review by Gill and Cooper 118 concluded that a high level of PA (150 mins/week of moderate 
intensity) may reduce the risk of developing type 2 diabetes by 20-30%, however, higher 
levels of PA may be needed to maximise the risk reduction in those who are already at risk 
of developing type 2 diabetes.  A review by LaMonte and colleagues 212 summarised the 
evidence on PA and physical fitness and the risk of type 2 diabetes.  It was concluded that 
sedentary lifestyles led today, resulting in low levels of activity related energy expenditure, 
are a major cause of diabetes.  Regular bouts of PA to improve physical fitness could reduce 
the relative risk in developing diabetes.   
 
Musculoskeletal diseases are becoming more prevalent with global burden increasing by 
25% in the last 10 years 424.  These conditions are one of the major causes of long-term pain 
and physical disability worldwide, as well as being one of the most expensive to treat 226.  
They are very common and have detrimental consequences to individuals and society.  In 
addition to the pain and disability brought about by musculoskeletal diseases, social 
functioning and mental health are affected thus diminishing a patient’s quality of life 
further.  Musculoskeletal diseases include a wide spectrum of conditions including 
osteoporosis and arthritis.  The prevalence of these conditions has been shown to increase 
markedly with age 387 and with lifestyle factors such as overweight/obesity 387 and a lack of 
PA 424.   
 
Osteoarthritis (OA) is a chronic degenerative disorder of multifactoral etiology characterised 
by loss of cartilage, osteophyte formation and sclerosis of the bone 106.  Osteoarthritis 
results in joint pain, tenderness and limitation of movement of the joint.  Ultimately, chronic 
OA, especially in the lower limbs, leads to reduced physical fitness with resultant increased 
risk of cardiovascular morbidity.  It can occur in any joint, however, it often affects the knee, 
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hip and joints in the hands, feet and spine.  Although treatment depends hugely on the 
individual, PA and exercise programmes aim to improve pain control and physical capacity 
through increased muscle strength, improved coordination and balance as well as better 
joint mobility 204.  Exercise therapy for the management of OA is widely used and 
incorporates a wide range of specific strengthening exercises, balance and flexibility 
exercises as well as increasing general PA 254.  Recent interventions have shown some 
positive results from land and water based exercise therapy 97 including reduced pain, 
improved range of movement and physical capacity.   
 
Rheumatoid arthritis (RA) is a chronic disease in which the joints become inflamed causing 
pain, swelling and stiffness.  It is classified as an “autoimmune disease” because it is caused 
when the immune system starts to attack healthy parts of the body.  RA symptoms include 
pain, stiffness, structural joint damage and muscle weakness.  As a result, patients exhibit a 
decreased range of movement in the affected joint which may cause limitations in their 
daily functioning consequently compromising their fitness levels compared with people of 
the same age 70.  The main objective of exercise therapy in RA is to maintain functional 
ability and physical capacity 394.  It is now well established in the literature that PA and 
exercise programmes can promote long-term improvement in quality of life by substantially 
improving function and reducing pain, without inducing harmful effects 272.   
 
Osteoporosis is “a disease characterised by low bone mass and micro-architectural 
deterioration of bone tissue leading to enhanced bone fragility and a consequent increase in 
fracture risk” 424.   It causes considerable morbidity and mortality in the UK, especially 
among the older and female population.  Osteoporosis is largely diagnosed by an 
assessment of bone mineral density (BMD), a major determinant of bone strength.  Routine 
PA appears to be important in the prevention of BMD loss 403.  The research on PA benefits 
for osteoporosis prevention is limited, however, there is compelling evidence to suggest 
that resistance training has a strong effect on BMD.  One review has revealed that those 
who participate in regular resistance training have increased BMD when compared with 
those who do not 403.  Research has also shown that the risk and incidence of fractures is 
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lower in more active people 123, 297.  Although the research is limited, there is positive 
evidence that PA plays a role in improving or maintaining BMD and in reducing the risk of 
falls and fractures.  This is particularly relevant for the elderly and for post-menopausal 
women who are at increased risk of developing osteoporosis. 
 
Whilst the literature continues to expand supporting major physiological health benefits of 
PA, there is also a growing body of knowledge that demonstrates psychological benefits of 
PA 87, 130, 256, 332, 366.  The reported psychological benefits of PA include reductions in 
depression 366 and anxiety 92 and improvements in self-esteem and cognitive functioning 313.  
There has been conflicting research in terms of how big the effect size is of PA on self-
esteem 343.  A recent meta-analysis concluded that increasing levels of PA elicits a small 
improvement in self-esteem.  However, when individuals participated in enough PA to 
improve their levels of fitness, the effect size on self-esteem increased 343.  Recent reviews 
have identified that PA has a small, but significant, effect size on cognitive functioning 155.  
There is evidence to suggest that PA and exercise can be successfully used in the treatment 
of depression and anxiety disorders.  A review found that 3-4 training sessions a week 
lasting at least 20-30 minutes each may be the most beneficial for reducing anxiety 256.  In 
Mead et al’s 256 review investigating PA for depression, they found that exercise had a large, 
clinical effect on depression with a standardised mean difference of -0.82 (95% CI -1.12,-
0.51), however, when including only methodological robust trials, the standardised mean 
difference dropped to -0.42, only a moderate, non-significant difference.  In their review, 
Carek et al 50 found that exercise does compare favourably to antidepressant medications 
for mild depression and has been shown to improve depressive symptoms when used in 
conjunction to medication. 
 
Epidemiological, clinical and laboratory research indicates that physical inactivity and low 
cardio-respiratory fitness are causally linked to premature mortality and many chronic 
diseases.  There is evidence to suggest that those who lead physically active lifestyles display 
better health outcomes, including better general and health-related quality of life, improved 
functional capacity and better mood states.  Both the societal and individual costs of 
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inactivity are high, in terms of medical expenses and personal disability.  These will continue 
to increase if the trends of physical inactivity continue in the same direction.  As PA has 
been shown to be beneficial in the treatment as well as prevention of chronic diseases, even 
those who have been previously sedentary or have already developed a chronic condition 
may benefit from embracing a physically active lifestyle. 
 
Assessment of Physical Activity 
Physical activity (PA) is widely recognised as a fundamental component of a healthy lifestyle, 
which has subsequently lead to a surge of interest in developing improved methods of 
assessing habitual PA.  PA measurement techniques are used in various settings to compare 
PA patterns of different populations, classify PA levels for intervention efforts and to 
measure dose-response relationships between PA and health variables.  It is therefore 
essential to obtain valid and reliable measures of PA.  In 2004, The World Health 
Organisation 426 devised a strategy on diet, PA and health recommending greater focus on 
monitoring PA levels.  However, due to the complex nature of the behaviour, it still remains 
a challenge to accurately assess PA.  A range of both objective and subjective methods have 
been used to measure PA and/or energy expenditure.  These include calorimetry 220, doubly 
labelled water 164, motion sensors such as pedometers 327 and accelerometers 248, 377 and 
heart rate monitors 354, 355.  There are many self-report instruments such as PA diaries, logs 
and questionnaires which are also used to capture PA levels and patterns.  The choice of 
measurement tool depends largely on the variable of interest, in addition to the feasibility 
and practicality of using the tool.   
 
Objective Measures of Physical Activity 
Calorimetry is the measurement of metabolic rate by measuring the amount of energy 
released as heat over a given period.  Direct calorimetry assesses energy expenditure by 
measuring the heat production of an individual in an enclosed chamber, whereas indirect 
calorimetry involves the measurement of respiratory gas exchange, oxygen consumption 
and carbon dioxide production, which are used to calculate energy expenditure 308.  For 
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shorter periods of time, participants wear a mouthpiece during rest and exercise, however, 
for longer time periods participants are confined to a sealed metabolic chamber.  Direct 
calorimetry is highly accurate with measurement error less than 1% 220.  However, because 
direct calorimetry limits normal activity, is expensive to build and run and requires 
substantial expertise, its value lies as a highly accurate tool used to validate other energy 
expenditure or PA assessment methods.  Indirect calorimetry is a more practical alternative 
to direct calorimetry as some methods are capable of measuring unrestricted PA outside of 
the laboratory setting.  However, this equipment is expensive to buy and to maintain and 
also relies on skilled technicians to operate.  Measurement error of indirect calorimetry is 
reported to be between 2-3% 220.  Direct and indirect calorimetry techniques are highly 
accurate.  However, they alter or inhibit normal PA patterns and are extremely costly, they 
are of little use in large epidemiological studies.  Nevertheless, these methods are valuable 
in the validation process of more practical measures of PA. 
 
Doubly labelled water (DLW) has been considered the ‘gold standard’ of measuring PA 
energy expenditure in free living situations for many years 164, 330, 413.  As stated by Schoeller 
329, metabolic events within the human body can be monitored using isotopic tracers; an 
isotope is a compound that is very similar to the compound of interest.  When measuring 
energy expenditure, the elements of interest are the elimination of both hydrogen and 
oxygen.  With this method, an individual drinks a standardised amount of two stable 
isotopes, deuterium (2H) and oxygen-18 (18O) which make up DLW.  The individual then 
returns to their normal lifestyle with urine samples collected only at the beginning and the 
end of the measurement period.  It is therefore possible to measure CO2 production by 
measuring the isotopic hydrogen and oxygen remaining in the body water after 
administration of doubly-labelled water.  The decline in 2H is a function of H2O turnover, 
whilst the loss of 18O represents H2O turnover and the production of C02.  The difference 
between the 2H and 18O water turnover curves is the 18O that is lost in the form of CO2 
which determines CO2 production and therefore energy expenditure. 
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This method was first developed by Lifson et al 222 for use in small free-living animals and 
has since been further developed for humans.  Studies have validated this method in 
laboratory settings against respiratory gas exchange 329, 349, but also in field settings against 
dietary intake and any change in body energy stores 329.   Schoeller 329 found the method to 
be precise ranging between 2-8% depending on the loading dose of DLW, the length of 
elimination period and the amount of samples taken from the individuals.  In addition to 
accurate results against both respiratory gas exchange 329, 349 and intake balance 164 the DLW 
method is non-invasive, and therefore individuals can maintain their daily activities without 
restriction.  However, this method merely provides an accurate estimate of energy 
expenditure and does not provide any information on PA levels and patterns over a defined 
period of time.  The major drawbacks of the DLW method are high cost of the 18O-labelled 
water and the cost and technical requirements associated with the isotope analyses. The 
cost of the method does vary due to the price and availability of 18O-labeled water, 
however, the need for sophisticated equipment and trained technicians for analysis of 
isotopically labelled samples is prohibitive.   
 
The above methods predominantly measure energy expenditure and therefore tell us little 
about PA patterns and the context in which these behaviours occur.  Alternative measures 
have been developed to assess PA levels and patterns in populations outside of the 
laboratory. Motion sensors have become a popular tool for assessing PA levels in free-living 
conditions.  The two most commonly used devices are accelerometers and pedometers.  
Accelerometers are small electromechanical devices that measure electrical charges from 
the distortion of piezoelectric material contained within the body casing.  As the charge is 
proportional to the force exerted on the piezoelectric material and the mass is a constant, 
the charge is also proportional to acceleration, therefore, accelerometers have the potential 
to measure the intensity as well as the occurrence of PA 273.  Accelerometers record activity 
counts over a given time interval.  Accelerometer activity counts are usually calibrated 
against a “gold standard” measure of PA intensity in order to develop “cut-points” for 
intensities.  However, there have been different cut points put forward which can affect 
interpretation of the data.  Troiano 378 reported a dramatic increase in the use of 
accelerometers over the last decade, which may partly be explained by the development of 
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many different types of accelerometers and the range of uses.  Since their introduction they 
have been used extensively in the validation of activity levels from self-report surveys, 
outcome measures in interventions and in the surveillance of population PA levels and 
patterns.   
 
There are a wide range of accelerometer models currently available, some of which have 
been validated under free-living conditions, predominantly against calorimetric 163 or 
doubly-labelled water methods 164.  The Caltrac model is a uni-axial device which measures 
vertical movement.  Studies have found Caltrac readings to be significantly associated with 
energy expenditure measured by indirect calorimetry during walking and running on level 
surfaces and with energy expenditure measured by doubly-labelled water over a 7-day 
period 15.  However, researchers seem reluctant to use this model due to its lack of data 
storage capability and its rather large size.  More sophisticated accelerometers such as the 
Actigraph, BioTrainer and the Tritrac are available.  However, these are more expensive 
devices than the Caltrac model ( £60).  The Actigraph ( £150) is widely used in PA research 
due to its small size, making it easier and more comfortable for the participant to wear 410.  
Hendelman et al 151 and Melanson and Freedson 257 have found moderate correlations 
between the Actigraph’s (Model 7164) activity counts and estimation of energy expenditure 
when compared against indirect calorimetry during treadmill and ground walking.  However, 
the association between activity counts and energy expenditure for free-living activities 
such as yard work were lower 151.  Actigraph have made some advancements and developed 
a tri-axial accelerometer (GT3X the GT3X+) with an additional inclinometer algorithm to 
determine the position of the body (i.e. standing/sitting/lying) and identify periods when 
the device has been removed.  As this product is fairly new, there is limited research into 
the accuracy and validity of this device in free-living environments.  However, a study by 
Santos-Lozano et al 322 found the GT3X+ to have high intra- and inter-instrument reliability 
at frequencies ranging between 2.1 and 4.1Hz.  This study provides preliminary support for 
the use of the Actigraph GT3X+ for assessing human activity, however, more research is 
required to assess the reliability of the device at higher frequencies and in human subjects 
during free living activities.   The BioTrainer ( £70) is a uni-axial accelerometer, however, 
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due to the placement of the accelerometer being 45° in the sagittal plane, it is considered to 
be bidirectional 408.  This model is considered to be advantageous in field studies as it does 
not require computer initialisation like other models.  Welk, Almeida and Morss 409 
calculated moderate to strong correlations between activity counts of the BioTrainer and 
measured metabolic variables.  The Tritrac ( £315) is a tri-axial model, meaning it can 
collect acceleration data from 3 planes of movement.  Due to three internal accelerometers 
and the requirement of a separate power source, this unit is somewhat larger than the 
other available models 408.  Nichols et al 273 found the Tritrac to be a reasonable measure of 
PA, which correlates with the findings of a review of validation studies, which found positive 
correlations between measured energy expenditure and accelerometer activity counts 
during level walking when accelerometers were worn at the wrist, hip or lower back 434. 
 
Nichols et al 273 have questioned the accelerometers’ validity as a measure of energy 
expenditure.  This may be because accelerometers worn at the hip will not be able to 
accurately record upper body movements 405.  In Welk et al’s 408 study, it was found that the 
Actigraph estimated energy expenditure within 3.3% of measured energy expenditure, 
whereas the BioTrainer and Tritrac overestimated energy expenditure, a finding which has 
been shown in previous research 15, 273.  Welk et al 410 found very strong correlations 
between the Actigraph (formerly CSA) accelerometer, BioTrainer and Tritrac, which suggests 
that despite the differences in technologies and sensitivities, all 3 monitors were recording 
similar results for PA. 
 
Overall, accelerometers provide a comprehensive and objective indicator of overall 
movement which allows the different variables of PA (frequency, duration and intensity) to 
be assessed in detail.  Accelerometers are small enough to be comfortably worn in a variety 
of body locations by an individual for several days without hindrance to everyday life.  
However, assessment of PA via accelerometer-based instruments is not without its 
limitations.  The greatest drawback of this methodology is the expense of not only unit cost 
but also in terms of data management.  Some models of accelerometers require technical 
expertise and computer software to download the data, placing larger demands in terms of 
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time and resources on the researcher. Studies have also shown limitations in accurately 
predicting energy expenditure due to location of the monitors.  Strath, Brage and Ekelund356 
described the usefulness of wearing multiple monitors to obtain more accurate measures of 
energy expenditure.  However, this improved accuracy must outweigh the extra burden 
placed on the participants to be worthwhile undertaking.  The addition of accelerometers 
for objectively measuring PA has vastly improved our knowledge of free living activity levels 
and patterns in different populations.   
 
In comparison to accelerometers, pedometers are simpler devices which require no 
additional software or technical expertise and simply record the number of steps taken.  
There are 2 types of pedometers, spring-levered and piezoelectric.  Spring-levered 
pedometers use a spring suspended lever which moves up and down with ambulatory 
movement such as walking or running.  With each movement, the electrical circuit closes 
and an accumulated step count is recorded.  Alternatively, piezoelectric pedometers use a 
horizontal cantilevered beam with a weight on one end that compresses a piezoelectric 
crystal when subjected to movement like walking.  There is research to suggest that 
piezoelectric pedometers are more sensitive to movement, especially in overweight/obese 
people 79, 389 and are therefore the more accurate of the two models.  Pedometers are much 
less expensive in terms of both unit cost and data management and are much easier to use, 
when compared to an accelerometer and are therefore a commonly used tool for measuring 
step counts in population studies 19, 134.   
 
Research has found some models of pedometers to provide accurate step counts.   Bassett 
et al 18 examined the accuracy of five brands of pedometers, the Freestyle Pacer, Eddie 
Bauer, L.L. Bean, Accusplit and the Yamax DW-500, for measuring steps and distance 
covered.  Significant differences were noted between the pedometers, however, the Yamax 
recorded within 1% of actual steps taken.  In the same study, Bassett et al 18 found that the 
pedometers reported similar readings for sidewalk and track surfaces.  Bassett et al 18 also 
examined the effects of walking speed on pedometer accuracy with the Freestyle Pacer, 
Eddie Bauer and Yamax models.  At slow to moderate speeds (2.0-3.0 mph) the Yamax was 
 
 
26 
 
the most accurate.  At faster speeds (4.0 mph) the Freestyle Pacer and Eddie Bauer’s 
accuracy improved, showing improved correlation with the Yamax.  Another study by 
Crouter et al 80 examined the effects of walking speed on the accuracy and reliability of 10 
pedometers during treadmill walking, Yamasa Skeletone (SK), Sportline 330 (SL330) and 345 
(SL345), Omron (OM), Yamax Digiwalker SW-701 (DW), Kenz Lifecorder (KZ), New Lifestyles 
2000 (NL), Oregon Scientific (OR), Freestyle Pacer Pro (FR), and Walk4Life LS 2525 (WL).  
Pedometers tended to underestimate actual steps at slower speeds, however at speeds of 
80.0 m·min-1 (3 mph) and over, the accuracy improved with six models (SK, OM, DW, NL, KZ, 
and WL) providing mean values within ± 1% of actual steps.  In this study the Yamax proved 
to be the most accurate once again as it did not significantly differ from actual steps at any 
speed, however, the Oregon Scientific significantly differed from actual step counts at every 
speed.  Concurrent validity of pedometers in assessing PA in free-living situations has been 
examined by Leenders, Sherman and Nagaraja 218.  Participants wore Tritac and Actigraph 
accelerometers as well as a Yamax pedometer and filled out a 7-day PA recall questionnaire.  
There were significant correlations between Tritac and Actigraph accelerometer activity 
counts and the Yamax pedometer step counts, suggesting that a simpler, cheaper device can 
give similar and as accurate results as an accelerometer.  The Yamax pedometer, when 
compared with the 7-day PA recall questionnaire, underestimated energy expenditure by 
48%.  However, this may be due to pedometer’s inabilities to detect certain types of 
movement.   
 
Due to their inability to record non-locomotor movements such as twisting or bending 342 or 
non-ambulatory activities such as swimming or cycling 328 and their incapacity to measure 
intensity of movements 218, the widespread use of pedometers as a research tool has been 
discouraged.  However, the recently developed pedometers are a valid and reliable 
assessment technique of ambulatory movement and therefore have several practical 
applications.  Pedometers are useful at tracking increased activity from walking 
interventions 327 and measuring ambulatory movements in large population groups 385.  In 
addition, pedometers have positive characteristics that make them a useful motivational 
tool to increase PA levels 35. 
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Heart rate (HR) monitors have also been used as an objective measure of PA.  Heart rate 
monitoring allows researchers to collect continuous heart rate recordings over an extended 
period of time in any setting.  This method measures a direct response known to be related 
to PA, assessing both intensity and duration of daily activity, making it an appealing option 
to monitor activity in population studies.  Heart rate monitors do not directly measure PA, 
but are based on the linear relationship between HR and energy expenditure 397.  However, 
HR can also be elevated by emotional stressors, ambient temperature and body posture, 
which are independent of energy expenditure.  There are individual variations in HR 
including age, gender, weight and fitness level and therefore identifying intensity of exercise 
in individuals is dependent of measuring resting heart rate 379.  With this information, heart 
rate monitoring is usually used in conjunction with another method to monitor PA, such as 
accelerometers, a method which has shown to provide more accurate estimations of PA 
energy expenditure 354, 355.  The Actiheart is a single piece combined HR and movement 
monitor capable of measuring acceleration, HR, HR variability, and electrocardiography 
(ECG) amplitude for a set time.  As the Actiheart is a relatively new product, there are 
limited studies on its accuracy, reliability and validity in free living situations.  However, 
some studies have found the Actiheart to accurately record HR to within 1 bpm 33.  Crouter 
et al 78, found that the combined activity and HR algorithm in the Actiheart predicted 
activity energy expenditure (AEE) for a vast variety of activities within 0.09 9 kJ kg-1 min-1 
and was only significantly different from actual AEE (as determined by Cosmed K4b2) for 
three activities (standing, vacuuming, and ascending/descending stairs).  This study 
supported findings by Thompson et al 369, which found that the Actiheart provided close 
estimates of AEE versus indirect calorimetry, underestimating by about 6%. 
 
It appears that a combined HR and accelerometer device can provide close estimations to 
AEE, however, more research is needed to assess accuracy in free living situations.  These 
combined devices and protocols provide in depth information about the nature and the 
patterns of PA, including time and intensity, allowing researchers to quantify more 
accurately how much of the population are active enough to benefit their health.  
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Subjective Measures of Physical Activity 
Self-report measures include a wide variety of assessment techniques, such as PA 
diaries/logs and interviewer- and self-administered questionnaires.  Self-report techniques 
for assessing PA levels are extremely common because of the low burden placed on the 
participant and low financial cost.  Self-report techniques also provide information on 
patterns of PA, types of activities, frequency, intensity and setting of activities in a large 
population in a cost- and time- efficient manner, which may not be obtained by the more 
objective methods mentioned previously 308.  These methods are usually very easy for 
individuals to complete and are considered to place very little burden on the participants 
308.  It is extremely hard to evaluate every method of self-report as there are so many.  
However, these assessment methods can be grouped into different categories, activity 
diaries and logs, global self-report and recall questionnaires.   
 
PA diaries and logs provide a detailed record of physical activities undertaken by individuals, 
usually over a 24 hour period.  When compared against an Actigraph accelerometer, there 
were fair-modest correlations, ranging between r = 0.15 to 0.28, between the Actigraph and 
the data provided in a PA log 326.  However, because this method requires good compliance, 
effort and in-depth information from the individuals and high levels of resources for data 
input and analyses, they are not ideal for large scale epidemiological studies 244.  Global self-
reports are brief, usually 1-4 item instruments which ask respondents to classify their usual 
activity patterns in a specified time period.  These have been extremely useful in stratifying 
a population into high and low levels of PA 244.  Given the characteristics of this method, 
they can be helpful in screening processes also, to identify who may be at increased risk for 
the development of chronic diseases.  Recall questionnaires are simple instruments, usually 
longer than global self-report measures, which aim to quantify PA patterns over a defined 
time period 232, 350.  This method has been used a great deal by public health agencies for 
surveillance efforts of large populations.   
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Although self-report measures are very useful in collecting data from a large group of 
individuals, there is scientific literature demonstrating the limitations of self-report 
techniques 320.  These measures rely completely on the respondent to give good and honest 
information about their own behaviours.  The key concepts of self-report instruments are 
whether or not certain behaviours occur within a defined time period and the frequency 
and duration of this behaviour.  However, the characteristics of the questionnaire, such as 
how PA is defined or how the questions are worded may affect estimates of PA 338.  Studies 
have shown that individuals appear to be able to accurately report never having 
participated in a certain behaviour in a defined time period 339, however, individuals appear 
to underestimate the amount of sedentary behaviours and overestimate the amount of PA, 
particularly moderate intensity, they have participated in 308.   
   
As PA is a vital component of a healthy lifestyle, the measurement of PA and the factors 
affecting PA participation are important factors to consider in health promotion efforts to 
address inactivity within the population.  A few of the most commonly used assessment 
tools have been discussed.  It is important to note that each method differs a great amount, 
however, each has their own advantages.  Calorimetry and doubly-labelled water are 
extremely valuable in validating other assessment methods due to their accuracy.  As the 
doubly-labelled water approach is non-invasive, it is an accurate and valuable tool to use in 
field-based studies.  Many accelerometers have been validated by calorimetry and/or 
doubly-labelled water and have thus been shown to be accurate measures of PA in terms of 
energy expenditure and PA counts.  However, due to their cost, some research groups may 
not be able to use them in large scale studies.  Despite the cost, accelerometers can be and 
have been previously used in population surveillance studies including the Health Survey for 
England (HSfE) in 2008 76 and the National Health and Nutrition Examination Survey 
(NHANES) in the United States 246, 378. As pedometers are cheaper and commercially 
available, they are often used by members of the public as a motivational tool to get active, 
as well as by researchers in PA interventions, though they do not provide accurate estimates 
of intensity or duration of physically active bouts.  Self-report assessments are considered to 
be the least accurate as they require good memory and honesty from the individuals filling 
them in.  However, they have been shown to be valuable in large scale epidemiological 
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studies as they collect some valuable data in a time- and cost-efficient manner.  The choice 
of assessment method is determined by the variable of interest, in addition to the feasibility 
and practicality of using the device. 
 
Seasonal Variations in Physical Activity 
Lack of PA, in addition to increased sedentary time, is a major public health concern 
worldwide and increasingly, links are being established between the environment, physical 
or built, and PA.  As the physical demands of work, transportation and domestic tasks have 
drastically reduced, achieving the recommended weekly amount of 150 minutes of 
moderate to vigorous PA is often accumulated in leisure time.  Public health campaigns and 
initiatives to increase participation in PA have been in place for many years.  Bandura 16 
argues that behavioural change is determined by personal, behavioural and environmental 
elements.  For PA behaviours, environmental attributes may have an influential role.  PA is 
often associated with demographic factors and self-reported barriers to participation, such 
as time or family commitments 380.  Among adults, participation is frequently associated 
with accessibility, opportunities and aesthetics 252.  However, some research suggests that it 
is not only the physical features of the environment that affect PA levels, but also natural 
characteristics of the environment such as the scenery, the season and weather conditions.   
 
The effects of season on PA levels is not a new concept, with evidence suggesting that 
seasonal variation in PA does exist 134, 247, 390, 396.  A study conducted in Canada 251, where the 
temperatures ranged from -15.1 to 20.6°C, collected frequency and duration data of PA 
from 4354 Canadian adults using a modified version of the Neighbourhood Physical Activity 
Questionnaire.  McCormack and colleagues 251 found that Canadian adults were more likely 
to participate in walking for recreation in the summer, autumn and spring when compared 
to winter.  Additionally, the participants were more likely to achieve sufficient moderate 
intensity PA (defined as partaking in >210 minutes/week) in the summer, autumn and 
spring.   
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Matthews and colleagues 247 used 3 (2 weekday, 1 weekend day) 24 hour PA recalls, 
administered 5 times over 12 months, to calculate estimates of PA energy expenditure using 
standard metabolic equivalent (MET) values.  For each of the telephone interviews, 
participants recalled the amount of time they spent in activity in each of three domains 
(household, occupational and leisure).  Additionally, a sub sample of 62 (55% female) wore 
an uni-axial accelerometer (Actillume monitor, Ambulatory Monitoring, Inc., Ardsley, New 
York) for an objective assessment of PA.  In this sample of 580 healthy American adults daily 
activity METs increased by 1.4 and 1.0 in men and women respectively, in summer when 
compared with winter.  Objectively measured time in activity increased by 51 and 16 
minutes/day in men and women, respectively, in summer when compared with winter.   
 
Similar results were found by Pivarnik and colleagues 299.  During telephone interviews 
participants were asked to report if they had participated in any PA over the last month.  
Follow up questions were asked about the type, distance, frequency and duration of the 
activity.  Using the Compendium of Physical Activities 2 each of the activities was assigned a 
MET value, so each individual’s weekly energy expenditure could be calculated.  Self-
reported weekly energy expenditure was significantly higher in spring and summer when 
compared with winter and autumn energy expenditure.  Duration of activity was 
significantly greater in summer compared with winter, however, frequency and intensity did 
not alter across seasons.  Additionally, the percentage of respondents who reported no 
leisure time PA in the preceding month was significantly higher in the winter (32.5%) and 
the autumn (28.7%) when compared to the spring (23.4%) and summer (17.0%). 
   
These findings are vital to understanding patterns of PA, however, these studies were 
conducted in the United States and Canada, countries whereby the weather varies much 
more than the weather in the UK.  Badland and colleagues 13 used the Neighbourhood PA 
Questionnaire (NPAQ) to obtain self-reported estimates of weekly duration and frequency 
of PA.  This study was conducted in Perth, Australia, a city with a stable climate, it was found 
that weather conditions were relatively constant over the seasons and had little impact on 
PA behaviour.  Variation in weather conditions had modest explanatory power (<6%) for 
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predicting overall and domain-specific PA engagement in this sample.  However, the climate 
in the UK differs significantly to countries such as Canada, the United States and Australia 
and though seasonality in the UK has been investigated 64, 134, 390, there is limited research 
examining seasonality in objectively measured PA 64, 134.  A study by Uitenbroek 390 used 
self-report data to identify seasonal variation in a large sample of 16,486 Scottish adults.  
More respondents reported exercising for at least 20 minutes 3 or more times in the 
previous week in the summer months (32%) compared with the winter months (23%).  
Hamilton and colleagues 145 investigated seasonal variation in step counts and found that 
summer step counts (10417 ± 3055 steps/day) were significantly higher than those reported 
in winter months (9132 ± 2841 steps/day).  Additionally, Clemes et al 64 examined seasonal 
changes in step counts in normal weight and overweight participants.  Both BMI groups 
reported significant summer to winter decreases in step counts, however, the reduction in 
steps was significantly greater in the normal weight group (-1737 ± 2201 versus -781 ± 1673 
steps/day).  Whilst winter step counts did not differ between the 2 BMI groups (9250 ± 2845 
versus 8974 ± 2709 steps/day), normal weight individuals reported a significantly higher 
step count per day in the summer compared to the overweight BMI group (10986 ± 2858 
versus 9755 ± 2874 steps/day).   
 
There is evidence to suggest that seasonality does occur in lifestyle behaviours such as PA, 
however, very little is known about this trend in adults in the UK, where the weather 
variations are not as dramatic as other countries such as America or Canada.  If PA is going 
to be fully understood, it is vital that any variations in this behaviour, including seasonal, are 
fully understood too.  Additionally, with a growing agreement among experts that the 
environment is the driving force behind the obesity epidemic and the increase in chronic 
lifestyle diseases 153, 111 it is vital to measure PA over a range of domains.  
 
Physical Activity in the Workplace 
According to the Office for National Statistics 282, 29.1 million people of working age are 
employed in England.  With the modernisation of today’s working environments, alongside 
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increasing car use, employees are becoming increasingly sedentary during working hours.  
This was demonstrated by Matthews and colleagues 245, who found that time spent being 
physically inactive was greater on weekdays by 30-45 minutes/day when compared with 
weekend days.   Research has shown that low levels of PA can affect productivity in the 
workplace and lead to increased absenteeism 311 and a new concept signifying being present 
at work despite poor health and performing below par, presenteeism 37.  With many of the 
population spending half their waking hours at work, the workplace has great potential as 
an important setting for promoting or obtaining regular PA.  Increasing workplace PA 
provides an opportunity to raise activity levels in a large proportion of the population, which 
will contribute to improving productivity and reducing sickness absence, staff turnover and 
industrial injuries 205. 
 
Many corporations have realised the potential benefits of improved health of their 
employees and have since implemented worksite PA interventions, including promotion of 
stair-climbing 104, 208, walking at work interventions 55, 119 and active commuting to and from 
the workplace 411.  Even though the work sites offer a practical setting for PA promoting 
interventions, participation and compliance still remains low 311.  It is unclear if worksite 
health promotion program participation is affected by behavioural risk characteristics, as 
typically only highly-motivated, already active employees take part 309.  Literature reviews 
have found inconclusive evidence for the effectiveness of workplace PA promotion 
interventions, with Proper et al 309 finding no intervention effect on PA and Conn et al 74  
concluding that worksite PA interventions have small, but significant positive effects on PA 
(d = 0.21).   
 
There is strong evidence that blue-collar employees (traditionally manual workers) 
experience higher rates of mortality and morbidity than their counterparts in white-collar 
and professional occupations 42, 274.  Blue-collar employees typically report less time spent in 
leisure-time PA 42, 274 and are often neglected from worksite interventions due to factors 
including working hours and worksite location 14.  With occupational PA on the decrease 38, 
including the traditionally more active occupations, blue-collar workers appear less likely to 
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compensate for the decrease in occupational PA.  However, blue-collar employees may have 
equivalent or greater PA levels than white-collar workers when occupational PA is 
considered.  Tigbe et al 372 compared PA levels between postal delivery workers and postal 
office workers.  The postal delivery workers spent substantially more time standing than 
office staff (6.0 ± 1.1 hours/day versus 3.9 ± 1.5 hours/day), walking (3.1 ± 0.7 hours/day 
versus 1.6 ± 0.7 hours/day) and accumulated more steps (16,035 ± 4264 versus 6,709 ± 
2808) during 8-hour work-shifts and over a 24 hour period on a work day.  When looking at 
leisure time PA, there was no significant differences between the office worker’s and 
delivery worker’s PA levels.  Studies have found blue-collar occupations and low social class 
to be associated with low levels of participation and adherence to PA programs 42, 190.  It is 
therefore important that workplace interventions make a concerted effort to include all of 
the work force including those at external worksites or shift-workers to benefit a larger 
proportion of the population. 
 
It is important to measure PA in working aged adults to understand more about their PA 
levels and patterns.  This increased understanding will lead to more effective PA 
interventions.  The workplace setting offers great potential for the promotion of PA; it has 
the opportunity to reach a mass population 20.  Research has shown that PA promotion 
programmes in the workplace can be very effective.  There are promising results from stair-
climbing 104, 186, 208 and walking interventions 55, 119, showing increased stair use and 
increased step counts in intervention groups.  Walking and stair-climbing interventions are 
easily implemented within many worksites and can also be executed very cheaply, as there 
are few extra costs for materials.  However, many researchers have found the intervention 
effect to be short-term and increased PA levels returned to baseline levels at follow-up 240.  
It is therefore important to further research ways to make these interventions and their 
effects more sustainable.  Active commuting interventions appeared to be successful at 
decreasing car use at weekends as well as increasing walking as a means of commuting.  
However, dangerous roads or lack of storage facilities inhibited cycling as a method of active 
commuting 149.  Active transport should be encouraged because of the consequential 
environmental benefits as well as health benefits.  Environmental and policy change 
interventions together with multi-component interventions have been shown to be 
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successful for behaviour change.  However, these types of intervention are often more 
complex, resulting in higher costs which some workplaces may not be able to or want to 
fund.  Nonetheless, the worksite does offer an ideal setting for PA promotion, with worksite 
interventions resulting in positive effects on PA levels in the workforce. 
  
 
 
36 
 
2.2          SEDENTARY BEHAVIOUR 
 
Sedentary behaviour refers to activities which do not increase energy expenditure above 
resting levels.  Sedentary activities include sitting, lying down and sleeping.  Sedentary 
behaviours are distinct to low intensity physical activities.  This section examines the 
literature on sedentary behaviour and sleep and looks at their relationship to health.  The 
assessment methods of these behaviours are also examined.  To search for literature, 
keywords were entered into the following databases: Medline, PubMed, Science Direct, 
PsychInfo, SportsDiscus and ArticleFirst.  Combinations of, and variations of the following 
keywords were entered: sedentary behaviour, physical inactivity, sleep, health, chronic 
diseases, mortality, assessment, measurement, monitoring, seasonality and adults.  The 
search criteria only included working aged adults, aged 18-65 years of age.  The search was 
restricted to research conducted in developed countries.  Reference lists of key texts were 
searched to identify any additional papers which may have been missed in the electronic 
search. 
 
 
 
 
 
 
 
 
 
 
 
 
37 
 
What is Sedentary Behaviour? 
It is important to understand the term “sedentary behaviour” (SB) and not to use it as a 
synonym for not exercising.  Research on physical activity (PA) and health has largely 
concentrated on quantifying the amount of time spent in activities involving energy 
expenditure levels ≥ 3.0 metabolic equivalents (METs), characterising activity below this as 
“sedentary” 295.  However, this implies that individuals may only be in either sedentary 
activities (<3 METs) or moderate intensity activities (≥3 METs) and neglects the concept of 
light intensity activity (1.6 – 2.9 METs) 2, which has been shown to have positive health 
benefits 142, 237, 423. SB can occur in a range of domains, including commuting, in the 
workplace, domestic environment or during leisure-time and refers to activities which do 
not substantially increase energy expenditure above resting levels 295.  Sedentary activities 
include sitting, lying down, television and other screen-based activities, sleeping, and any 
other activities conducted in a seated or lying posture that have an equivalent energy 
expenditure level of 1.0-1.5 METs 295.  
 
Sedentary Behaviour and Health 
The relationship between SB and adverse health outcomes is not a new concept, however, 
SB is often wrongly conceptualised as the low end of the PA continuum 25.  There is 
emerging evidence that SB is a distinct behaviour that has independent and different effects 
on health to PA 17, 131, 132, 144, 182, 288, 428 and should therefore be treated as a unique 
construct.  In 2004, Hamilton et al 131 demonstrated evidence of different biological 
processes regulating lipoprotein lipase (LPL) when PA or inactivity was imposed in rats.  LPL 
facilitates the uptake of free fatty acids and low levels of LPL are associated with increased 
triglyceride levels, decreased HDL cholesterol and an increased risk of cardiovascular disease 
132. During periods of inactivity in rats (achieved by immobilisation of the hind limbs), a 
profound reduction in LPL activity (≥10-fold) was observed. This was accompanied by 
significant decreases in the clearance of plasma triglycerides by skeletal muscle and 
reductions in plasma HDL cholesterol concentration 132. This has led to the hypothesis that 
signals harming the human body during prolonged sitting are not always the same signals 
which boost health during bouts of structured exercise.  A recent meta- analysis by Lee and 
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colleagues 217 suggested that 6-10% of all deaths from major non-communicable diseases 
such as coronary heart disease, type 2 diabetes and some cancers, can be attributed to SB.   
 
SB and PA may also have independent effects on total energy expenditure and metabolic 
parameters.  In 2001, Hu et al 165 found that in men, sedentary lifestyles, as indicated by 
prolonged TV viewing, are directly related to risk of type 2 diabetes.  After adjustment for 
PA levels, age and smoking the relative risks of diabetes across categories of average hours 
spent watching TV per week (0-1, 2-10, 11-20, 21-40, and >40) were 1.00, 1.66, 1.64, 
2.16, and 2.87, respectively.  Similar findings were found by Hu et al in 2003 166 in a sample 
of women.  After adjusting for age, smoking, PA levels and dietary factors, each 2 hours/day 
increase of TV viewing was associated with a 23% increase in obesity and a 14% increase in 
diabetes. A review by Tremblay et al 375 has suggested that SB has a direct effect on 
metabolism and vascular health.  Hamburg et al 128 demonstrated that complete bed rest 
over a 5 day period, with 30 minutes out of bed time a day, resulted in significant increases 
in total cholesterol and plasma triglycerides.  It was thought that these changes were 
mediated by changes in LPL activity. 
  
It is widely acknowledged that PA has a protective effect against many chronic diseases such 
as obesity 125, 172, cardiovascular diseases 198, 401 and type 2 diabetes 209, 337.  There is 
emerging evidence that supports the findings that SB has independent effects on health and 
even a physically active individual can suffer the consequences of high levels of SB 144, 370.  
Dunstan et al 94 examined the strength of associations between television viewing and PA 
participation with the metabolic syndrome.  It was observed that participants with the 
metabolic syndrome were older, viewed more television and were less active than those 
without the metabolic syndrome.  After adjustment for PA levels, an hour increase of 
television viewing was associated with a 12% and 26% increase in the prevalence of the 
metabolic syndrome in men and women, respectively.  Furthermore, women who were 
sufficiently active (>2.5 hours/week of PA) but also watched > 14 hours/week of television 
had an increased prevalence of the metabolic syndrome.  Similar results were found by 
Wijndaele et al 418 who reported an hour/day increase in television viewing was associated 
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with increased hazard of all-cause (hazard ratio = 1.05) and cardiovascular mortality (hazard 
ratio = 1.08) independent of PA energy expenditure (MET x hours/day).  A recent report 
from the Australian Diabetes, Obesity and Lifestyle Study (AusDiab) 144 examined the 
relationship between television viewing and metabolic risk in men and women who 
reported to meet the public health guidelines for health enhancing PA.  Even in this large 
group of physically active and healthy adults, there were significant detrimental dose-
response associations of television viewing with waist circumference, systolic blood 
pressure and 2 hour plasma glucose in both men and women.  The strongest associations 
with metabolic variables were observed in the highest quartile of television screen time (> 
2.57 h/d1 for men; > 2.14 h/d1 for women). However, detrimental associations were also 
observed in women who viewed as little as 0.71-1.43 hours a day and in men who viewed 
just 1.7-2.6 hours of television per day.   
 
Similar results have been found when looking at total daily sitting time.  Katzmarzyk and 
colleagues 182 demonstrated a dose-response association between sitting time and all-cause 
mortality and cardiovascular disease, independent of leisure time PA.  The multivariate-
adjusted hazard ratios increased across sequential sitting groups (1. almost none of the 
time, 2. approximately one fourth of the time, 3. approximately half of the time, 4. 
approximately three fourths of the time, or 5. almost all of the time) for all-cause mortality 
(1.00, 1.00, 1.11, 1.36, 1.54) and cardiovascular disease (1.00, 1.01, 1.22, 1.47, 1.54).  A 
recent study by van der Ploeg et al 395 found the same associations with all-cause mortality 
hazard ratios being 1.02, 1.15 and 1.40 for 4-8, 8-11 and >11 hours/day of sitting, 
respectively, compared with <4 hours/day.  This was independent of PA levels.  In light of 
this evidence, it is vital that in addition to the promotion of moderate-vigorous PA, sitting 
for extended periods of time should be discouraged.  This important health message has 
been recently added into The 2011 Chief Medical Officer’s report “Start Active, Stay Active” 
86.  
 
According to Hamilton et al 132 the most direct effect of sitting is the work performed by the 
large skeletal muscles in the legs, back, and trunk required for upright movement is no 
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longer required, which affects cellular processes responsible for metabolic risk factors for 
disease.  Sedentary lifestyles are becoming more prevalent, as reflected by increasing 
numbers of TV sets, VCRs, TV remotes and computers 280 and increased time spent watching 
TV in recent years 279.  Given the strong relationship between SB and deleterious health 
consequences, public health campaigns should not only focus on increasing PA levels, but 
aim to reduce time spent in sedentary pursuits.  In light of this evidence there have been 
recent calls for the explicit measurement of sedentary behaviour, in addition to the 
measurement of PA, in population surveillance studies 133, 144.     
 
Assessment of Sedentary Behaviour 
Time spent in SB has increased over the years.  The growing appeal of television and screen 
based entertainment, the advancement of technology, and automobiles has led to an 
increase in leisure time and occupational SB.  Given the rapidly growing evidence on the 
deleterious effects of SB on health, it is of paramount importance to have valid and reliable 
measures to assess SB.  The measurement of SB is not a well-developed field.  Typically, PA 
is measured and individuals are then classified as active or not active, which is judged by 
how much PA they have done.  However, as SB is not merely the absence of PA, but a 
behaviour independent of activity 144, 295, it is important that assessment tools and methods 
of measurement treat SB as a lifestyle behaviour in its own right.  High quality measures of 
SB are vital for future population monitoring of this behaviour as much of the research in 
the past has considered SB as the bottom end of the PA spectrum 23.  
 
Subjective Measures of Sedentary Behaviour 
There is research which acknowledges that SB can be accumulated in varying domains and 
ideally all of which should be measured 370.  Proposed categories are 1) travelling to and 
from places, 2) at work, 3) watching television, 4) using a computer at home, and 5) for 
leisure, not including television 241.  It is important when measuring SB to try and capture as 
much information as possible including what behaviour was done, the social context and the 
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frequency and duration of the SB 230.  In order to capture as much information as possible, 
self-report questionnaires, diaries and interviews are commonly used tools to measure SB.   
 
Early studies of SB heavily relied on self-report methods.  TV viewing is often used as a proxy 
marker for sedentary time 93, 108, 165, 166, 360, however, this is merely one form of SB.  Clark 
and colleagues 60 carried out a review of methods used to measure non-occupational SB.  
Television viewing was the most frequently measured behaviour.  All of the methods used 
self-completion questionnaires, except one of which used a behavioural log 358.  
Assessments of reliability for television viewing showed generally moderate to substantial 
test-retest correlations ranging from 0.32-0.93 60.  This may be due to the fact that 
television viewing tends to take up regular blocks of distinct and prolonged time, 
particularly when people are watching shows that occur at regular times of the day.  
According to the 2005 Time Use Survey 279 all UK adults aged 16 and over spend an average 
of 157 minutes watching TV a day, which is a substantial amount of time to spend on one 
activity each day.  However, sedentary activities which take up less time or happen on a less 
regular basis, such as telephone usage, are harder to recall accurately.  A study by Matton et 
al 250 found high intra-class correlations on a self-report questionnaire assessing SB and PA, 
ranging from 0.67 to 0.99, on a 2 week test-retest.  However, this study found that the 
questionnaire tended to overestimate PA and underestimate SB when compared with the 
RT3 Triaxial Research Tracker.  This may be a result of social desirability bias, whereby 
participants overestimate sociably desirable activities and underestimate behaviours they 
believe are undesirable.  However, it may also be a result of simply forgetting certain bouts 
of behaviours.  Either way, self-report measures are teemed with faults in terms of accuracy 
and validity.   
 
A study by Clark and colleagues 59 aimed to examine the relationship between TV viewing 
and accelerometer derived SB.  TV viewing time was significantly associated with 
accelerometer estimated sedentary time, with positive associations observed for all gender, 
age, race/ethnicity groups and for those not working.  However, this association between TV 
viewing time and accelerometer-derived sedentary time did not exist for those who were in 
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full time employment.  This study emphasises the importance of measuring SB in a range of 
different domains.  Other studies have shown that the largest contributor to daily sitting 
actually occurs in the workplace 241, 259.  To date, there is no self-report measure which 
comprehensively assesses all components of SB occurring over the different days of the 
week (work days/non work days).  Studies have shown that individuals have difficulty 
accurately reporting SB on weekend days 62, 241.  Additionally, patterns of SB, such as breaks 
or changes in SB, are difficult to assess with a self-report instrument 60, 61.  Having 
established associations between subjectively recorded sedentary time and obesity 360 and 
the metabolic syndrome 94, there is a call for more precise objective measures of SB to 
further understand the relationship between SB and health.   
 
Objective Measures of Sedentary Behaviour 
In response to the limitations of self-report measures, researchers have started using 
objective measures to assess SB.  A study by Ekelund et al 103 used heart rate (HR) monitors 
to objectively assess time spent in sedentary behaviours and identify a relationship, if any, 
with obesity indicators (body weight, body mass index, waist circumference and fat mass).  
Each participant had their resting energy expenditure measured using indirect calorimetry.  
Participants wore HR monitors for waking hours over 4 days.  To assess an individual’s 
relationship between oxygen uptake and HR, participants subsequently performed a graded 
cycle exercise test.  Sedentary time was calculated as all minutes below the Flex HR 
(calculated as the mean of the highest resting HR and the lowest HR while exercising) and 
expressed as percentage of total monitored time over the 4 days.  Energy expenditure could 
then be calculated from each individual’s oxygen consumption and HR relationship.  
Helmerhorst and colleagues 150 examined the prospective association between objectively 
measured SB and fasting insulin (a marker of insulin resistance) to see if this relationship 
was independent of moderate-vigorous PA (MVPA).  To measure time spent in SB, minute 
by minute HR was monitored during waking hours over 4 days.  All participants went 
through the same calibration process explained in the previous study.  Sedentary time was 
calculated as observations (in minutes) below an individually determined threshold (Flex HR) 
with energy expenditure being calculated from each individual’s oxygen consumption and 
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HR relationship.  Measuring energy expenditure via HR has been previously validated 
against doubly labelled water (DLW) 224 and indirect calorimetry 348.  Mean HR total energy 
expenditure estimates were within +/- 10% of DLW estimates of total energy expenditure 224 
and with 1.2% (with a range of - 11.4 to + 10.6 %) of indirect calorimetry estimates.  The use 
of HR monitors is an easy and cheap way of monitoring energy expenditure, however, as 
participants must perform graded exercise tests to calibrate HR readings, this adds time and 
burden for both the participant and the researcher.  Additionally, HR monitoring does not 
directly measure SB, and only provides an estimate of low levels of energy expenditure and 
provides little feedback on the activities which were being done.  Furthermore, HR is 
affected by other factors which cannot be controlled for such as emotion, posture and 
environmental conditions 354, 413.   
 
To date, researchers have primarily used accelerometers to provide an objective estimate of 
SB.  The 2003–2004 National Health and Nutrition Examination Survey used the ActiGraph 
accelerometer to assess how much time was spent in PA and SB in a large sample of US 
citizens 246.  Time spent in the different intensities of PA were categorised using the 
Freedson cut-points 110 while time spent sedentary was classified as activity counts <100 
counts per minute (cpm) 75.  However, although widely used, the <100 cpm cut point was 
not empirically derived.  A recent study by Healy and colleagues 146 measured SB using 
accelerometers to examine associations between objectively measured SB and metabolic 
risk.  As PA and SB were measured using the same tool, direct comparisons could be made 
between the intensities and the outcome measures (waist circumference, triglycerides, HDL 
cholesterol, resting blood pressure, fasting plasma glucose, and a clustered metabolic risk 
score).  Another study by Healy et al 143 investigated breaks in SB and the effect on biological 
markers of metabolic risk.  They used accelerometers to measure SB by classifying <100 cpm 
as sedentary time and anything ≥100 cpm was considered a break in sedentary time.  
Independent of MVPA, increased breaks in sedentary time were beneficially associated with 
waist circumference (standardized β = −0.16), BMI (β = −0.19), triglycerides (β = −0.18) and 
2-h plasma glucose (β = −0.18).  Accelerometers have been extensively validated against 
“gold standard” methods of assessing PA (see section 2.1, pp. 23-25) with positive results.  
However, although widely used, the SB classification of <100 cpm (commonly used with the 
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ActiGraph accelerometer) has not been extensively validated to date.  There are other 
studies which have shown that different cut points to classify SB may be more accurate.  
Kozey-Keadle and colleagues 200 found that the cut point of <100 cpm for classifying SB 
underestimated sitting time to a greater extent than a cut point of <150 cpm under 
controlled conditions.  Conversely, Hart et al 137 observed that a cut-point of <50 cpm 
provided a closer estimate of sedentary time, relative to the activPAL inclinometer, in free-
living adults.  Many research groups 59, 75, 136,  246 have used the <100 cpm cut point to date, 
thus continuation of the use of this cut-point facilitates comparisons to be made across a 
range of studies.  New models of the ActiGraph (GT3X and GT3X+) have included an 
inclinometer algorithm which claims to differentiate between standing and sitting postures.  
However, further research is needed to assess the validity and reliability of the inclinometer 
function.  A positive of using accelerometers is that you can measure PA and SB using the 
same tool and which enables relationships to be established and has allowed researchers to 
discover that time spent in SB has its own implications on health, independent of how much 
time is spent being physically active.  However accelerometers on their own are not able to 
distinguish between different postures, so standing still may be misinterpreted as SB.  With 
advancements of the ActiGraph incorporating an inclinometer function, these devices may 
be able to assess SB and differentiate between postures, however, this function has yet to 
be extensively validated.  
 
The activPAL inclinometer (Physical Activity Technologies, Glasgow, Scotland) is another 
objective instrument designed to assess free living activity.  It is unique to the ActiGraph as 
it has the ability to differentiate between postures and classifies individual’s activity into 
lying, sitting, standing and stepping due to it being secured to the anterior surface of the 
thigh.  It has been validated in the laboratory against direct observation and has 
demonstrated high levels of validity.  A study by Grant et al 122 found that the percentage 
difference between the mean of the observers and the activPAL for total time spent sitting 
and for total time spent upright was less than 0.3%. The percentage difference for total time 
spent standing and the total time spent walking were 1.4% and 2%, respectively.  Kozey- 
Keadle et al 200 assessed the validity of the activPAL for measuring SB.  Twenty inactive, 
overweight office workers were directly observed for two 6-hour periods whilst wearing the 
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activPAL.  Participants were instructed to reduce their sitting in the second observation.  
Their results found the activPAL to be an accurate and precise method to measure SB, 
underestimating sitting time by just 2.8%.  Additionally, the activPAL was sensitive to 
reductions in SB as it recognised a lower percentage SB in the second observation when 
participants were asked to reduce their sitting time.  These positive results, in addition to 
the devices small size and ease of use and analysis, make the activPAL an effective 
measurement tool to monitor SB. 
 
Seasonal Variation in Sedentary Behaviour  
The UK has 4 distinct seasons, each with different temperatures, rainfall and day light hours.  
Season has been shown to have an effect on some lifestyle behaviours, PA 64, 134 and dietary 
intake 46, 83 in particular.  To date, there is no research that has primarily investigated 
seasonality in SB in UK adults.  However, as research has shown a reduction in PA in winter 
months, you would expect that individuals are replacing this PA with more sedentary 
pursuits such as leisure sitting time, automotive transport or time in bed, although this 
assumption has yet to be tested. 
 
Sleep and Health 
As sleep is a form of SB, Healy et al 143 have recommended that for a complete 
understanding of the associations between SB and health outcomes, researchers should also 
assess sleep duration.  Adequate daily sleep is a fundamental part of a healthy and 
productive lifestyle.  However, research has shown that shorter sleep duration and sleep 
disturbance is very common in today’s society, explained in the most part, by longer 
working hours and greater allotted time spent in leisure time activities 3.  This decrease in 
sleep duration is problematic as there is a growing body of evidence showing that short 
sleep duration (<7 hours a night) can result in adverse physiological health outcomes 4, 116, 
117, 196, 197.  However, other research has also shown that those who sleep for extended 
periods of time (>9 hours a night) are at increased risk of disease 120, 430, 431.  A landmark 
study by Ferrie and colleagues 107 found that there was a U-shape association between sleep 
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duration and subsequent all-cause, cardiovascular, and non-cardiovascular mortality; an 
association which is repeatedly found by other researchers 43, 47, 49.  With this evidence, 
sleep should be considered an important necessity to a healthy and functional life and not 
as a luxury.  
 
Short sleep duration can lead to excessive daytime sleepiness and reduced neurocognitive 
function 96, however, recent research has shown there are detrimental long term effects of 
disturbed or restricted sleep 422, 235, 296 including increased risk of developing coronary heart 
disease, diabetes and even premature death 6, 48, 115, 194.  The underlying mechanisms and 
interactions of sleep and health are still poorly understood, and limited research has 
investigated the metabolic consequences of sleep deprivation 196.  Sleep deprivation had 
been shown to affect appetite, which consequently leads to weight gain.  Evidence suggests 
a U-shaped relationship, with lower BMI’s observed among individuals who have an average 
sleep duration of 7-8 hours per night 117, 242.  In Gangwisch et al’s 117 longitudinal study, it 
was demonstrated that the obese category had the highest percentage of subjects who 
reported getting <7 hours of sleep a night, whilst the lean category had the lowest 
percentage of subjects who reported getting <7 hours of sleep a night.  Additional results 
revealed that women who slept <7 hours a night were progressively more likely to be obese 
as their sleep durations decreased.  Men who slept <6 and >9 hours a night were more likely 
to be obese.  This relationship is similar to that found by Taheri et al 364 in the Wisconsin 
Sleep Cohort Study who found that increased BMI was proportional to decreased sleep in 
persons who slept <8 hours a night.   
  
A number of hormones may affect appetite, however research has shown that there are 
two key opposing hormones, leptin and ghrelin, which play a significant role in the 
interaction of short sleep duration and high BMI 196.  Leptin is a hormone which is primarily 
secreted by adipose tissue and appears to promote satiety, whereas ghrelin reduces fat 
oxidation and stimulates appetite and food intake 193.  A study by Spiegel and colleagues 347 
monitored leptin and ghrelin levels and subjective hunger and appetite ratings every 20 
minutes between 8.00am-9.00pm after 10 hours sleep and a restricted night’s sleep of 4 
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hours.  When sleep was restricted, leptin levels were 18% lower and ghrelin was 28% higher 
than when participants spent 10 hours in bed.  When compared with the 10 hour sleep 
condition, the sleep restriction condition resulted in a 24% increase in hunger ratings and 
23% increase in appetite ratings.  The increase in appetite was highest for calorie-dense 
foods.  In this study diet was monitored and restricted, however, these findings suggest that 
in “real-life” situations people may make poor food choices and eat more when they 
experience restricted sleep.  Taheri et al 364 also found that short sleep duration was 
associated with low leptin levels, with a predicted 15.5% lower leptin for habitual sleep of 5 
hours versus 8 hours and high ghrelin, with a predicted 14.9% higher ghrelin for sleep of 5 
hours versus 8 hours. 
 
Short sleep duration has been shown to be a risk factor for becoming overweight, which has 
its own associations with chronic diseases, however, restricted sleep has also been reported 
as a risk factor for developing diabetes 194, 196.  A review of studies 197 observed an increased 
risk of diabetes associated with both short (≤ 5h or ≤6h per night) and long (≥8 or ≥9 per 
night) sleepers.  It appears that sleep deprivation reduces the ability to metabolise 
exogenous glucose (glucose tolerance).  Glucose tolerance is dependent on the balance 
between glucose production by the liver and glucose utilization by fat and muscle 345.  A 
study by Spiegel et al 346 found a significant reduction of 40% in glucose tolerance in a 
sample of healthy men who had been restricted to 4 h in bed for 6 nights.  There was also a 
significant increase in sympathetic nervous system activity which increased glucose 
secretion while insulin was simultaneously inhibited to prevent glucose storage.  
 
Modern sleep research has focussed much attention on health consequences of short 
periods of sleep, however, there is some focus on the consequences of long sleep duration.  
Kripke and colleagues 201 analysed a data set of over 1 million Americans and found that 
long hours of sleep (≥10 h/night) was nearly as strong a predictor of mortality as reports of 
ever having diabetes, high blood pressure, heart disease and stroke.  This association for 
high mortality was seen across all age groups and both sexes.  The authors also noted that 
the increased mortality associated with long sleep duration was more pronounced than that 
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for short sleep duration (≤5 h/night).  A review article by Youngstedt and Kripke 432 found 
that studies with large sample sizes (>10,000) have shown, without exception, that sleeping 
≥8 h/night is associated with a significant mortality risk.  Comparisons of males and females 
in the larger studies showed similar associations between sleep and mortality, however, in 
the smaller studies there were often significant differences between genders.  Whilst there 
appears to be an association between long sleep hours and mortality, there is a need for 
more research to determine the casual factors.  There are a few proposed mechanisms that 
account for the observed relationship between long sleep and mortality.  Grandner and 
Drummond 120 suggested that 1) fatigue, 2) increased sleep fragmentation which has been 
associated with a number of negative health outcomes, 3) immune function (changes in 
cytokine levels that influence mortality risk), 4) shorter photoperiod (daylight to darkness 
ratio), 5) depression, or 6) underlying disease such as sleep apnea or heart disease could 
explain the relationship between long sleep hours and mortality. 
   
The U-shape association of mortality and sleep duration is similar to the association of poor 
health with other health-related factors, such as exercise (leading to injury) and calorie 
intake.  From the literature it appears that 7-8 hours of sleep a night is optimal for health, 
whereby the body has sufficient time to recover from the previous day, but does not have 
detrimental metabolic effects.  More research on sleep needs to be undertaken including 
research that addresses the associations between sleep duration and mortality, both all 
cause and cause specific, and research using more accurate sleep measuring techniques. 
There is a wealth of evidence investigating the associations of sleep and health, however, 
the majority of sleep research has been undertaken in isolation from studies of PA and SB.  
As identified by Healy et al 143, to fully understand SB, there is a need to measure these 
behaviours together to better understand the public health implications of these 
behaviours.  
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Assessment of Sleep 
Research has shown the importance of sleep for human health and survival.  It is a vital 
component to leading a healthy and functional lifestyle, therefore it is important to be able 
to assess sleep duration effectively.  There are both objective and subjective methods to 
monitor sleep patterns, both of which will be discussed. 
 
Objective Measures of Sleep 
Polysomnography (PSG) is considered to be the “gold standard” method for measuring 
sleep.  Study participants visit a sleep laboratory where multiple channels of data are 
recorded in detail to assess all of the bio-physiological changes that occur in the human 
body when the person is asleep.  The PSG test measures or monitors many body functions 
including eye movement (Electro-oculogram), the brain (Electroencephalography), heart 
rhythm (Electrocardiography), skeletal muscle activation (Electromyography) and breathing 
rate whilst the person is asleep.  Though PSG is commonly used to diagnose sleep apnea or 
other sleep disorders, it accurately measures sleep and wakefulness over a set period of 
time.  As with any “gold standard” laboratory based assessment method, the PSG provides 
accurate information about sleep duration, however, the equipment is expensive to run, 
with an estimated cost between £650-£1000 per test, and requires a trained technician to 
perform.  This method requires the participants to visit a laboratory and therefore may not 
portray “real-life” sleep patterns.  In addition to requiring people to visit a laboratory, the 
test typically monitors a minimum of twelve channels which necessitates a minimum of 22 
wire attachments to the participant, placing additional burden on the individual.   
 
Whilst accurate, PSG is often too burdensome, intrusive and/or expensive for some sleep 
studies, especially large scale epidemiological studies. Subsequently this has led to other 
methods of assessing sleep duration becoming more popular.  Actigraphy allows the 
objective assessment of sleep for extended periods of time with little inconvenience, it has 
therefore become a very useful and widely used tool for intervention studies.  Activity 
monitoring has a long history in PA and sleep research, with actigraphy becoming prominent 
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in the area in the 1950’s.  Sleep actigraphs use the same mechanics that were explained in 
full detail in section 2.1.2 under the assessment of PA.   However, sleep actigraphs (for 
example, the Actiwatch) are usually watch shaped devices worn on the non-dominant wrist, 
though they can be placed on the ankle or trunk.  They allow an indirect estimation of sleep 
through the use of algorithms, using a scoring method specifically designed to distinguish 
between sleep and wakefulness.  As PSG is considered the “gold standard” of sleep 
assessment, most studies have compared actigraphs to PSG.  Studies have shown that 
actigraphy is highly correlated to PSG for differentiating sleep from wake with reported 
correlations of 0.82 67 to 0.97 174.  Other comparisons of actigraphy and PSG have shown 91-
93% overall agreement in adults aged 20-30 years 173.  The review by Ancoli-Israel et al 7 
concluded that actigraphy was found to be valid and reliable in detecting sleep in normal, 
healthy adults, however appears to be less reliable at detecting sleep as sleep becomes 
more disturbed.  In contrast, Vallieres and Morin 392 found that actigraphy underestimated 
sleep duration in young adults suffering from chronic insomnia.  Results from these studies 
suggest that actigraphy is appropriate for documenting longitudinal changes in sleep 
patterns, however only a marginally acceptable tool to measure exact sleep duration in 
isolation, but are adequate when used in conjunction with a sleep diary.    
 
Subjective Measures of Sleep 
Self-report measures such as diaries and logs have been used to measure sleep duration, as 
well as time spent in bed.  Self-report methods can vary on complexity, ranging from a 
simple chart noting bedtimes and wake times 388 to a more detailed diary like The Pittsburgh 
Sleep Diary which quantifies sleep and wake behaviours 262.  Subjective measures of any 
behaviour do have their shortcomings as they require commitment from the participant to 
complete and to complete as honestly as possibly.  Kushida and colleagues 206 found that 
subjects overestimated sleep time and sleep efficiency, however, only by 0.3h and 2.5%, 
respectively and this was a lesser extent to the overestimation by sleep actigraphy.  When 
the subjective data was combined with actigraphy data, total sleep time and sleep efficiency 
did not differ from the PSG data.   Studies have found some positive correlations between 
sleep diaries and actigraphy and PSG, suggesting that they are a reliable and valid method 
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for collecting sleep data, however, they may not be suitable for non-compliant or 
unmotivated participants such as children or the elderly as they require a large amount 
commitment to complete fully and accurately. 
 
Seasonal Variation in Sleep 
To gain a complete representation of SB, Healy and colleagues 143 recommended that sleep 
duration be measured, in addition to waking sedentary time.  The UK has 4 distinct seasons, 
each with different temperatures, rainfall and day light hours.  There is apparent seasonal 
variation of PA 64, 134 and dietary intake 319, 359 and weather conditions have been shown to 
be a determinant of PA 384.  If weather has an influence on PA, it may be that weather, or 
more specifically day light hours, may have an effect on sleep duration.  However, this can 
only be speculated as no research to date has investigated seasonal variation in sleep 
duration in the UK, however, there is evidence to suggest that light has an effect on 
circadian rhythms 351.      
 
 
  
 
 
52 
 
2.3               NUTRITION 
 
This section examines the literature on dietary intake.  It looks into studies which have 
explored the health benefits of a balanced diet.  There are also reviews on the tools and 
methods used to assess dietary intake in adults.  The aim of this review is to understand 
what research has been conducted on diet and nutrition in the past and how to further this 
understanding with future research. To carry out this review electronic searches of Medline, 
PubMed, Science Direct, PsychInfo, SportsDiscus and ArticleFirst databases were conducted 
using a combination of the following keywords: dietary intake, diet, nutrition, lifestyle 
behaviours, health, chronic disease, assessment, measurement, monitoring, adults and 
seasonality.  The search criteria only included working aged adults, aged 18-65 years of age.  
The search was restricted to research conducted in developed countries. To further the 
search a manual search of reference lists of key literature supplemented the electronic 
search. 
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The Role of Nutrition in Health 
In addition to physical inactivity, diet is thought to play a major role in the development of 
chronic diseases such as cardiovascular diseases and type 2 diabetes 317.  It is widely 
acknowledged that diet and nutrition play an important role in health and well-being 317, 419, 
420.  The government have issued dietary recommendations aimed at disease prevention 73, 
331.  These guidelines recommend that males should consume 2500 calories per day and 
women 2000 per day 331.  The energy intake is a vital component to the energy balance 
equation.  If the energy intake is continually larger than the energy expenditure, the 
consequence is weight gain.  This weight gain can result in obesity, which is associated with 
many health risks 5, 324.  A healthy diet should contain all of the required nutrients and 
sufficient calories to balance energy expenditure and provide enough fuel for cell growth 
and maintenance.  The guidelines recommend that these calories should be made of 45-65% 
of carbohydrates (CHO), 10-35% of protein and 20-35% of fats 69. 
 
The relationship between overweight/obesity and mortality has been widely acknowledged 
5, 368.  A study by Scarborough et al 325 studied weight gain in males and females from 1986-
2000.  Average weight gain for males was 7.7kg and 5.4kg for women between the 2 time 
points.  It was found that increases in total energy intake are sufficient to explain the weight 
gain in women, however, a combination of increased energy intake and reduced physical 
activity (PA) explained the weight gain in men.  Additionally, Swinburn and colleagues 363 
found that American adult’s daily calorie intakes increased from an average of 2398 kcals in 
the 1970s to 2895 kcals in the 2000s.  With this increase in calories, the predicted weight 
gain for these adults between these 2 time points was 10.8 kg.  The actual weight gain in 
this sample of adults was in fact 8.6 kg, so somewhat lower, which may imply that PA levels 
were increased during this time, but they did not measure this directly.  Swinburn et al 363 
concluded that the increase in energy intake could sufficiently explain the weight gain of 
American adults from the 1970s to 2000s.  This research emphasises the importance of 
energy balance in its association with obesity, which has been repeatedly shown to be 
associated with many health risks 89, 219.  
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The main function of CHO in the diet is to provide energy for the body.  CHO provides 4 
kilocalories (kcal) per gram for physical activities and bodily functions.  The brain and central 
nervous system need a constant supply of glucose from the blood, therefore a regular 
supply of CHO is vital for health 335.  Protein is required in the body for the growth, 
maintenance and repair of all cells.  Protein is a major component of muscles, tissues and 
organs and is vital for processes within the body such as metabolism, digestion and 
transportation of nutrients.  Additionally, proteins are necessary for the production of 
antibodies which protect against illnesses and infections within the body.  Fat is an essential 
component of a healthy diet 391.  Dietary fat provides the body with essential fatty acids 
which promote healthy functioning of the metabolic and immune systems.  Vitamins A, D, E 
and K are fat-soluble and the absorption of these vitamins requires the presence of fat 391.  
All of the macronutrients play a vital role in healthy functioning, however, chronic excess of 
energy leads to weight gain and consequently overweight and obesity.  Over nutrition can 
apply to energy or individual components of energy; CHO, protein and fat.     
 
There is mounting evidence to suggest that a reduced CHO diet is better for health than the 
western-type low fat, high CHO diet as it may lead to better improvements in insulin 
resistance, high density lipoprotein (HDL) cholesterol and total cholesterol/HDL ratio 416.  
Cordain et al 73 estimated that the diets of our Paleolithic ancestors were higher in protein, 
lower in CHO and equivalent or higher in dietary fat than the current recommendations.  
Diets lower in CHO are lower in sugars and cereal grains and are often higher in protein, 
therefore all of the positive effects may not be attributable to CHO restriction solely 54.  
Evidence has also shown high protein diets to have a positive effect on insulin resistance 71.  
Such diets have also been shown to be effective for weight loss 213, 415.  In their reviews, Hu 
et al 167 and Ramsden et al 314 concluded that the absolute amount of dietary fat consumed 
appears to be less important to health than the type of fat consumed. This was 
demonstrated in the large scale, international Seven Countries Study 187 which found that 
the intake of saturated fat was strongly correlated with coronary death rates across seven 
countries (r=0.84). However, the correlation between the percentage of energy from total 
fat and CHD incidence was much weaker (r=0.39).  This study also found that the country 
with the highest CHD rate and lowest had the same amount of total fat intake at around 
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40% energy intake.  A study by Hu and colleagues 168 reported that the relative risk of an 
increase of 5% of energy intake from saturated fat, as compared with equivalent energy 
intake from carbohydrates, for coronary disease was 1.17.  When compared with equivalent 
energy from carbohydrates, the relative risk for a 2% increment in energy intake from trans 
unsaturated fat was 1.93; for a 5% increment in energy from monounsaturated fat was 0.81; 
and that for a 5% increment in energy from polyunsaturated fat was 0.62.  Findings suggest 
that replacing saturated and trans unsaturated fats with unsaturated fats is more effective 
in preventing coronary heart disease than reducing overall fat intake. 
 
Even though there was not a universal diet of the hunter-gatherers, our Paleolithic 
ancestors were healthy and lean.  As mentioned previously, the demand for PA in our lives 
for survival has been engineered out, leading to more sedentary lifestyles.  In addition, 
advancements in technology, animal husbandry and agricultural practices over time have 
led to the “nutrition transition” (explained in detail in section 1.1, pp. 4-5).  In the Paleolithic 
era, there was no universal diet, instead, dietary patterns were determined by geographic 
location, climate and ecologic niche.  Dietary choices would have been limited to minimally 
processed wild plant and animal foods.  However, with early domestication of plant and 
animal foods, the nutrient characteristics of these foods changed, subtly at first, then more 
rapidly with technological advancements in the Industrial Revolution 304.  In addition to the 
progression of food processing procedures, novel foods were introduced as staples.  Dairy 
products, cereals, refined sugars, refined vegetable oils and alcohol would have contributed 
very little or not at all to the typical pre-agricultural hominin diet, however, they make up 
72% of the western diet 71.  Additionally, mixtures of these foods make up processed foods 
such as cookies, cakes, crisps, sweets, soft drinks and pizza, which are common in the 
modern western diet.  When compared to the Paleolithic diet, the western diet contains 2-3 
times less fibre, 4 times less omega 3 fats, nearly 2 times less poly- and mono-unsaturated 
fats and 60-70% more saturated fats 284.  The discrepancies between the diet we are 
genetically designed to eat and the one we consume today have contributed to the 
epidemiological transition towards chronic diseases. 
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The rapidly growing epidemic of chronic diseases afflicting both developed and developing 
countries has been related to dietary factors as well as other lifestyle changes such as 
reduced PA.  Rapid expansion in nutritional fields and epidemiological evidence has helped 
clarify the role of diet in the prevention and control of morbidity and premature mortality 
from many chronic diseases.  There is ever increasing evidence that eating a well-balanced, 
healthy diet can reduce the risks of contracting illness or disease, including coronary heart 
disease, cancers and type 2 diabetes 54, 129, 236.  It is now increasingly recognized that many 
health problems and diseases do have a nutritional underpinning and may be promoted by 
unsuitable dietary habits, which is reflected by the publication of national and international 
dietary recommendations 69, 331.  
 
The Assessment of Dietary Intake 
As diet is an important and easily modifiable lifestyle determinant of human health, 
accurate assessment of nutritional status is a key foundation of efforts to improve the 
health of the population 255.  Epidemiological studies investigating the relationship between 
diet and other risk factors also require accurate methods of assessing long-term habitual 
dietary patterns. However, the measurement of habitual food and energy intake in humans 
is an extremely difficult task.  Firstly, it may take a lengthy period of time to gain a 
representative assessment, secondly, the method may be subject to errors and finally, 
assessments may be tedious, time consuming and/or difficult for people to complete.  It is 
often difficult to convert customary food intake into nutrition and energy intakes.  
Assessment methods need to be accurate, however, they should not be so intense as to 
interfere with an individual’s habitual eating and lifestyle patterns.  It was agreed in the 
early 1980’s that dietary survey methods should have certain desirable features such as: 1) 
accuracy of each measurement, 2) ease of recording data, 3) little subject motivation 
requirement, and 4) high co-operation rate in a random sample 271. 
 
There are a variety of different methods used to measure dietary intake, each with their 
own advantages and limitations related to their intended uses.  Traditional, self-report 
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dietary intake methods such as food records, food frequency questionnaires and 24-hour 
recall rely on information being reported by subjects themselves.  However, there are other 
methods such as the doubly-labelled water technique and other biomarker techniques 
which are used as criterion methods, which other measures have been validated against.  
 
Biomarker Techniques 
The accuracy and validity of measurements of dietary intake of individuals in free-living 
environments is difficult to assess as many, if not all, methods rely on information retrieved 
from the subjects themselves, which may or may not be correct.  Therefore, other dietary 
assessment methods have been developed, using biological specimens that closely reflect 
dietary intake and do not rely solely on self-reported consumption of food McKeown et al, 
253.  The underlying assumption of biomarkers used to validate a measure of intake is that it 
responds to intake dose-dependently 420.  For example urinary nitrogen assessed by 
repeated complete 24 h urine collections can be translated to a measure of protein intake 26, 
28, whereas sodium and potassium in the urine are used as biomarkers for sodium (salt) 
intake 286 and potassium intake 30, respectively.  Measuring biomarkers of food intake and 
calculating nutrient intake from food records allows comparisons to be made between the 
methods.  As biomarkers have been shown to be an accurate technique of assessing food 
and nutrient intake, discrepancies between self-report dietary intake and biomarker values 
must be as a result of error in the information provided by the participants.     
 
The doubly-labelled water (DLW) method is another biomarker technique which is used for 
assessing total energy expenditure and is considered the gold standard for measuring 
energy expenditure in a free-living environment 223, 414.  The application of the DLW 
methodology to measure total energy expenditure has provided investigators with a 
criterion method to assess energy intake, whereby any differences between the DLW results 
and reported energy intake must be attributable to inaccuracies in reporting. Briefly, the 
DLW technique involves subjects being given a dose of doubly-labelled water with stable 
isotopes of deuterium (2H) and oxygen 18 (18O).  After the loading dose, deuterium is lost in 
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water, whereas oxygen is lost in both water and carbon dioxide.  The individual then returns 
to their normal lifestyle with urine samples collected only at the beginning and then end of 
the measurement period.  The differences between the urinary elimination rates of 18O and 
deuterium provide a measure of carbon dioxide production (This method has been 
described in full in section 2.1, pp.20-21).  Studies have validated this method in laboratory 
settings against respiratory gas exchange 329, 349.  Under well-controlled experimental 
conditions, Schoeller and Hnilicka 330 found the method to be precise between 2-8% 
depending on the loading dose of DLW, the length of elimination period and the amount of 
samples taken from the individuals.    
 
The advantages of DLW is that it is a non-invasive process and therefore individuals can 
maintain their daily activities and habitual eating patterns without restriction.  The process 
has been shown to be accurate to within 1-3% and precise to 2-8% and consequently 
provides researchers with reliable measures.  This technique is based on the assumption 
that for individuals who are in energy balance, energy intake must be equivalent to energy 
expenditure and therefore the accuracy of this method is dependent on body weight 
maintenance throughout the measurement period, an assumption that might not hold in 
free living populations involved in epidemiological type studies.  This technique is an 
expensive method, requiring specialized equipment and expertise to implement the 
technique, making it difficult for every method of dietary assessment to be validated in this 
way.  One alternative to overcome some of these limitations was proposed by Schoeller and 
Hnilicka 330 who suggested an alternative strategy to use DLW validation data to identify 
which sub-groups are more likely to misreport dietary intake data. 
 
Biomarkers provide accurate measures that have been closely correlated to dietary intake 
and have less error than other dietary intake estimates 306.  A significant advantage to 
biomarkers is the provision of objective measures which are independent of the individual’s 
memory and capability to describe food and estimate average food intakes 306.  However, 
these methods require purchase of analytes as well as specialized expertise to store, process 
and administer the analytes thus making them more skill and resource intensive 420. 
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Self-Report Techniques 
Weighed dietary records require individuals to record all the food and beverages they 
consumed in a set period of time.  Participants are provided with dietary scales and booklets 
where they record the food they consumed both at home or away from home as well as 
associated recipes and preparation detail 382.  As in Livingstone et al’s 224 study, participants 
are often shown the weighing technique beforehand and given advice and information on 
how to carry out all of the requirements of the protocol.  This method has traditionally been 
used over a 7-day period to account for variation in eating habits throughout a week, 
however, it is often only used for 3 or 4 days due to the burden placed on the participant 374, 
427.  Participants must be trained to give complete detail on all food eaten including 
condiments, snacks and recipes in order to attain good quality data from this technique.  If 
enough information is provided nutrient intakes are taken from manufacturer’s data, 
calculated from food intake data tables 313 or more recently, by computer software.   
 
Weighed dietary records have been accepted as the most accurate self-report method of 
assessing habitual dietary intake 224 with some studies having even used weighed records as 
a validation marker for other assessment methods 27, 36.  Studies have found significant 
agreement between weighed diet records and other validation techniques, such as 2 
biological markers 27 and 24 hour urine nitrogen 29.  This method is considered accurate and 
reliable predominantly because it provides accurate portion sizes, by direct weighing.  Any 
bias due to flawed memory is also lost as the method involves individuals weighing and 
recording food consumption as they consume it.  Weighed dietary records do not require 
costly equipment or the need of specialized expertise.  However, for large scale studies, the 
limitations may outweigh the advantages of this method.  Weighed dietary records require 
good compliance from individuals and place a lot of burden on them to record every bit of 
food and drink they consume.  This high burden of completion has been shown to have an 
effect on quality with declining completeness with successive days 313.  Tucker 382 notes that 
this method is susceptible to under-reporting intake, possibly due to missing out foods or 
due to difficulties in estimating foods that were prepared and consumed away from home.  
Individuals are likely to change their dietary patterns over the period of time food intake is 
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being measured as they may be more conscious of their eating behaviour and be prone to 
make more socially desirable decisions on food choices. 
 
A frequently used alternative to the weighed dietary records is a 24-hour dietary recall, 
which shares the advantage of weighed diet records in providing quantitative assessment of 
dietary intake.  This method can be administered to individuals or to a group 420 and is 
increasingly conducted by telephone as well as in person 382.  This method consists of an in-
depth interview conducted by a trained dietary interviewer to solicit detailed information 
about everything the subject had to eat and drink over the previous 24 hours.  Similar to the 
weighed dietary records, information on food preparation methods, recipe ingredients and 
any dietary supplements are obtained.  This method is often used in national surveys as it 
provides detail on consumed foods at a population level but also allows estimations of 
dietary intake by gender, age, ethnicity and other sub-categories.   
 
Unlike other methods, direct validation is possible and even practical with 24-hour dietary 
recall.  As the time frame covered is short, direct observations of intake are easily 
achievable 231.  When using this direct validation method, it has been shown by Madden, 
Goodman and Guthrie 231 that 24-hour dietary recall results in underestimating dietary 
intake in terms of calories, however, significant relationships have been shown between 
actual and recalled values for all nutrients.  Under-reporting still remains a problem and may 
possibly be associated with difficulties in estimating portion sizes 429.  However, several tools 
have been developed to aid portion size estimations such as photographs, scale drawings or 
three dimensional scale models 215.  Of greater concern is the development of the notion 
that under-reporting is not random 229.  In their review, Macdiarmid and Blundell 229 found 
that overweight and/or obese individuals have frequently been identified as a group who 
under-report food intake.  Johansson et al 177 found that under-reporting of energy intake 
was prevalent using repeated 24-hour recalls, but the prevalence of under-reporting was 
different between sub-groups of the population.  The main predictor of under-reporting was 
BMI, but gender appeared to contribute to under-reporting.  Obesity is a stigmatised 
condition in western society, thus placing a lot of pressure on an overweight individual to 
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lose weight, which may be driving overweight individuals to under-report 229.  With current 
society placing greater emphasis on “slimness” and “femininity” for women, this may go a 
long way to explaining why women tend to under-report their food intake.  Advantages of 
this method include its open-ended nature and flexibility, which accommodates a wide 
diversity of dietary patterns.  As it is a retrospective method, it does not affect people’s food 
choices or result in under-eating.  However, the fact that it is retrospective may also be a 
limitation as it relies on people being able to accurately recall all the foods and beverages 
they have consumed in a 24-hour period.  This recall method is only representative of one 
day of dietary intake and does not take into account daily or seasonal changes of eating 
patterns.  There are, however, modifications being made to help improve the 24-hour recall 
method, including the multiple pass method which helps provide additional memory cues 
throughout the day 178.    
 
Food frequency questionnaires (FFQ) were developed to capture standardized, usual, long-
term dietary patterns and have been used to measure habitual diet.  However, FFQs can and 
have been adapted to determine short-term dietary patterns 100, 101.  Due to the expense 
and limitations of detailed quantitative measures of dietary intake, it is now agreed that the 
FFQ, as a method of dietary assessment, is best suited for large-scale epidemiological 
studies 382, 420.  These questionnaires require respondents to record the frequency of 
consumption of a pre-specified list of foods, which are grouped into a number of categories 
such as “once a day,” “1-2 times a week” and so on.  Some questionnaires differ slightly with 
additional questions about portion size and preparation methods 276, some questionnaires 
assume a standard portion size 261 and in some cases participants choose a photograph 
depicting their estimation of portion size 135.  
 
Research shows that dietary intake can be measured by a standardised FFQ with correlation 
coefficients between FFQ and other assessment methods such as dietary records or recalls 
ranging from 0.4-0.7 419.  Well designed FFQs do have several advantages in that they 
capture usual dietary patterns with one questionnaire, eliminating the need for repeated 
contacts, which consequently reduces the participant burden.  In literate communities, 
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these questionnaires can be self-administered, thus reducing the cost of data collection.  
Even though this method is ideal for collecting in-depth data relatively quickly and cheaply, 
there are limitations to the FFQs.  The food list in the questionnaires poses possible 
problems; as the questionnaires in use are developed using data that represent major food 
sources, the validity of the questionnaires is dependent on the representativeness of that 
list to the population you are sampling.  Therefore, individuals with differing eating patterns, 
such as different racial or ethnic groups, might not be well represented by the food list.  This 
has been shown by Tucker et al 383, whereby the use of a general FFQ developed for the US 
population significantly underestimated energy and nutrient intake of Puerto Rican adults 
relative to assessment by 24 h recall.  Underestimation of dietary intake may also occur 
when preparation methods or portion sizes are not considered adequately for differing 
populations.  However, as mentioned previously, FFQs have been successfully adapted to 
assess short-term dietary intake and this has also been done for different sub-groups of the 
population 383. 
 
The assessment of dietary intake is integral to many aspects of nutritional sciences, 
including nutritional monitoring of the general population.  There are a wide variety of 
instruments that have been developed to try and accurately assess habitual dietary intake.  
Self-report measures of dietary intake are commonly used methods because they are 
generally cheaper, easier to administer, impose less burden on the participants and can 
reach a larger population.  However, these methods are also prone to errors, including 
those attributable to memory, individual’s capacity to estimate portion sizes, under-
reporting both intentionally or accidentally, under-eating and socially desirable responses.  
The magnitudes of under-estimations is varied, however, it does indicate considerable error 
in dietary intake data, which may be further used for dietary recommendations. This 
highlights the need for the improvement of techniques used to assess dietary intake data 
collection. 
 
To summarise, biomarker techniques of dietary intake have been shown to provide accurate 
and reliable results and are often used as validation methods for other more practical 
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assessment methods.  The errors in the biomarker methods are independent of the sources 
of errors associated with self-reported measures and thus allow true bias to be detected 373.  
There is substantial evidence for the accuracy and reliability of the DLW technique 330 and it 
is widely accepted as a criterion method to assess energy intake.  It must be acknowledged 
that many biomarker techniques, excluding the DLW method, can only measure 
consumption of certain nutrients rather than total energy intake.  However, it is then 
possible to see how people may be under-reporting these aspects of their dietary intake.  
These techniques are relatively non-invasive and therefore allow individuals to maintain 
daily lifestyle patterns, however, the expense and need for specialized expertise to 
administer and analyze the results of these methods, often make them inappropriate for 
large-scale studies.  In addition, there are currently suitable biomarkers for only a few 
nutrients or combinations of nutrients 26, therefore, identification of further suitable 
biomarkers is a research priority.  Given the limitation with biomarker techniques in terms 
of cost and training, self-report measures remain the most popular method for assessing 
diet in population based studies 255. 
 
Seasonal Variation in Dietary Intake 
There is a wealth of evidence to suggest that seasonal variation in PA does exist 13, 39, 64, 134. 
Seasonal variation in dietary intake is not a new concept and has been extensively 
researched; the findings however, are rather inconsistent 46, 83, 228, 333, 334, 359, 396.  Much of the 
literature suggests that total energy intake does not vary over season 333, 359, 396, however 
other studies indicate that total calorie intake 83, 228 and/or macronutrient intake vary 
seasonally 83, 228, 333, 396.  To date, there has been no research investigated seasonally 
variation in dietary intake of UK adults.       
 
Ma and colleagues 228 investigated seasonal variation of dietary intake in a sample of 593 
participants, aged between 20–70 years from Massachusetts, USA.  Participants were asked 
to complete three 24 hour dietary recalls (2 weekdays, 1 weekend day) per season over a 
year period.  Daily caloric intake was highest in fall (autumn), with the peak occurring in 
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November, with the lowest daily caloric intake reported in spring.  The mean difference 
between the two peaks was 86 kcal/day.  There was slight seasonal variation in the 
percentage of calories from carbohydrates and saturated fat.  The peak for carbohydrate 
intake was highest in the spring, while fat percentage was highest in the fall.   
 
Similar variations were found in a sample of 303 Spanish adults aged between 19-40 years 
46.  Participants recorded their intake twice (in winter and summer) using the seven non-
consecutive-day dietary record method.  This study found that daily total food consumption 
(g/day) was higher in winter when compared to summer food consumption, but only in 
males and men also reported the highest energy intakes in winter.  However, when 
expressed in amount/MJ (food density), most nutrients showed higher values in women in 
winter.  This study suggested that whilst seasonal changes in men are a result of food 
quantity, changes in nutrient density are responsible for the dietary changes in women.  
Whilst men may eat more in the winter months, women change the quality of their diet in 
winter.  A review by Kamphuis et al 179 found that fruit and vegetable intake was lower in 
winter, which also suggests that the quality of diets may be higher in summer months, 
probably because more fruit and vegetables are in season and cheaper to buy.  
 
A study by de Castro in 1991 83 aimed to investigate the seasonal rhythm of nutrient intake 
and meal patterns in 315 American adults.  Participants completed a 7-day diary of 
everything they ate, when they ate it, and their subjective state of hunger for each season.  
An increased total caloric intake, especially of carbohydrate was observed in the fall and this 
was associated with an increase in meal size and a greater rate of eating.  The participants 
rated themselves hungrier at the end of each meal in the fall even though the larger meals 
resulted in a greater estimated amount of food in the stomach.   
 
There is evidence to suggest that seasonality does occur in lifestyle behaviours such as PA 
and dietary intake, however, very little is known about this trend in adults in the UK in the 
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twenty first century, where the weather variations are not as dramatic as other countries 
such as America or Canada.  Additionally, no evidence exists on whether SB and sleep 
duration changes over the seasons.  If these lifestyle behaviours are going to be fully 
understood, it is vital that any variations in these behaviours, such as those related to the 
seasons, are understood too. 
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2.4                CONCLUSIONS 
Research has shown that nutrition can play a vital role in the development or worsening of 
chronic diseases such as obesity 180, 362, type 2 diabetes 214, 236, 352 and cardiovascular disease 
129, 236, 314.  Increased calorie intake is not the only public health issue, another is the quality 
of modern day diets 54 and the increased consumption of foods high in sugars, salts and fats 
129, 175.  Dietary changes appear to be shifting towards a common diet dominated by a higher 
proportion of animal and saturated fats and sugars, and lower intakes of dietary fibre 91, 140.  
At the turn of the century, it was estimated that physical inactivity and poor diet accounted 
approximately for 400,000 deaths in America, ranking only second to tobacco 260.  To date, 
there is no study which calculates the actual number of deaths in the UK attributable to 
physical inactivity and diet, however Kvaavik et al 207 demonstrated that displaying poor 
health behaviours such as poor diet or physical inactivity had a substantial effect on 
mortality. 
 
Total energy intake increased from 2,276 per person in 2008 to 2306 per person in 2009 268.  
Activity patterns in different domains such as work, travel, at home and during leisure time 
are shifting towards reduced energy expenditure 99, 301.  For instance, according to recent 
findings, only 29% of women and 39% of men in the UK self - reported meeting the 
recommended guidelines for physical activity (PA) 76.  Using objective measures to monitor 
PA, it appears that much less of the population actually meet the recommended PA 
guidelines, with only 6% and 4% of men and women meeting guidelines respectively 76.  
With these percentages, it is easy to understand the public health concern and the 
requirement for change. 
 
Despite the increases in obesity prevalence in developed countries, some evidence suggests 
that energy intakes have not changed vastly over the years 268 and leisure time PA has 
remained stable with some evidence suggesting it has increased over recent decades 76.  
These studies are based on self-report, which is prone to under-reporting of dietary intake 
185 and over-reporting for PA levels 76, which may mask the true estimations.  Additionally, 
 
 
67 
 
this evidence represents sample averages for each diet and PA measured separately rather 
than patterns of concurrent lifestyle behaviours within individuals. To fully understand the 
relationship between lifestyles and health outcomes, it is important to understand activity, 
diet, and SB concurrently within individuals and to measure these behaviours as objectively 
as possible without placing too much burden on the participant.  
 
True representations of daily activity may be inaccurate due to misreported PA or failure to 
account for other components of energy expenditure such as incidental movement or 
lifestyle embedded activity as well as not accurately recording SB 376.  Indeed, concerns 
raised regarding the earlier assessment of SB have included an over reliance on using TV 
viewing as a single measure of sitting time 24.  Many common forms of SB, such as the use of 
motorised transport, working at a desk, eating meals, using a computer, and watching 
television, all involve sitting; hence the assessment of TV viewing time alone may vastly 
underestimate, or misrepresent, overall sedentary time.  As data from Australian workers 
have shown that approximately half of their total daily reported sitting time takes place at 
work 259, it is important to measure all types of SB, across a range of contexts (such as the 
workplace, at home, whilst commuting, and in social settings) to understand patterns and 
determinants of SB in adults 290.   
 
Sleep is the most sedentary of all activities with a low energy cost of about 4.2KJ/min in 
adults of healthy body mass 376.  It has recently been suggested that to fully understand the 
links between SB and health, future studies on the effects of sedentary time accumulation in 
free-living populations should also include a measure of sleep duration 143.  This is especially 
important because sleep duration has been associated with metabolic risk 49, 115, 422.  
 
In view of past research, it is obvious that the society we live in today and the modern day 
lifestyles we lead are detrimental to our health.  There is a need to look at lifestyle 
behaviours concurrently as they appear to change simultaneously and interact with each 
other.  This PhD research project aims to monitor 4 major, modifiable lifestyle behaviours 
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(PA, SB, sleep and diet) over 4 different seasons in working-aged adults to assess how they 
change over the year.  Increased understanding of these lifestyle behaviours will lead to the 
development of tailored interventions targeting behaviour change which will have more 
effective outcomes.  With this in mind, a proposed methodology to assess multiple lifestyle 
behaviours concurrently is presented in the following chapter.  Very few studies have 
assessed multiple lifestyle behaviours concurrently over time within the UK context in free 
living adults. A feasibility study was therefore conducted to assess whether the methods for 
assessing diet, physical activity, sedentary behaviour, health and sleep could be carried out 
by both the researcher and the participants.   
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Chapter 3 
Methods 
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CHAPTER 3                        METHODS 
 
Prior to recruiting participants for the longitudinal study, which is the basis of this PhD, a 
smaller pilot study was conducted to test the feasibility of the proposed methods.  Whilst 
these methods have been validated when used individually, it was not known whether 
participants would be willing to complete all aspects of this study and provide all of the 
information needed. The majority of the sample was asked to have their physical activity 
(PA), sedentary behaviour (SB) and sleep monitored over a period of 7 days.  Two Masters 
students collected this data as part of their research project.  However, compliance rates 
were the focus of the study for this thesis and additional participants were recruited to 
assess the feasibility of a longer monitoring period and to have their diet monitored in 
addition to PA, SB and sleep.  Whilst the methods used to assess these individual behaviours 
have all been used previously, this feasibility study aimed to see if it was practical to assess 
all of these behaviours concurrently without placing too much burden on both the 
participant and the researcher.  The findings of the feasibility study are presented in the 
next section and have been presented (poster) at the 2011 International Conference of 
Ambulatory Monitoring of Physical Activity and Movement, Glasgow, 25th May, 2011.   
 
The feasibility study was conducted at one time point, therefore, the methodology for the 
longitudinal study was amended to be appropriate for measurements being taken over time 
and is presented in the second part of this chapter.  Section 3.2 describes in detail, the 
recruitment process, the measurement protocol and analysis techniques used specifically 
for the longitudinal study, which is the main focus of this PhD thesis.   
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3.1           FEASIBILITY STUDY 
 
With evidence suggesting that PA, SB, sleep and diet all influence energy imbalance and 
health outcomes at least partly independently of each other, it is important to adopt a 
lifestyle approach when assessing the influence of these behaviours in surveillance studies.  
In any study however, it is essential to outweigh the wealth of data collected against 
participant burden.  The aim of the feasibility study therefore was to assess the feasibility of 
concurrently measuring PA, SB, including a measure of sleep and dietary intake in a sample 
of UK working aged adults.  A sample of 78 participants were recruited to test the feasibility 
of concurrently measuring PA, SB and sleep, with a sub sample of 19 agreeing to take part in 
a more burdensome protocol to test the feasibility of measuring dietary intake in addition to 
PA, SB and sleep.  If feasible, this method could be adopted for a more comprehensive 
understanding of population’s lifestyles, which may lead to improved understanding of 
combined lifestyle behaviours within individuals and offer evidence for intervention design.  
 
Methodology 
Participants   
This pilot study recruited 78 volunteers from the staff population at Loughborough 
University through website advertisements, posters and word of mouth.  Those who were 
interested contacted the researchers for further information.  The study was fully explained 
to participants upon their first visit to the laboratory and volunteers gave their written, 
informed consent to participate.  Of the 78 participants who gave their consent, 19 
participants agreed to have their dietary intake measured in addition to PA, SB and sleep.  
The inclusion criteria ensured that all participants were in good general health and had no 
physical illnesses or disabilities that may affect their normal daily routine.  The study was 
approved by the Loughborough University Ethical Advisory Committee.  
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Measurement of Health Indicators  
As this thesis focusses on lifestyle behaviours which play a prominent role in the 
development of overweight and obesity, health outcomes specific to this disease were 
chosen to be monitored longitudinally.  Each participant visited the laboratory at the outset, 
during which a number of measures of health indicators were assessed.  Height was 
measured to the nearest centimetre using a wall-mounted stadiometer (Seca UK, model: 
206, Birmingham, Warwickshire, UK).  Participants removed their shoes and were instructed 
to stand straight with the back of their head, shoulder blades, buttocks and heels against 
the wall, with body weight evenly distributed and feet both flat on the floor.  Weight, in 
kilograms (kg), and body composition were measured using a Tanita Body Composition 
Analyser (Tanita UK Ltd, Model: BC-418 MA, Middlesex, UK) that measures body fat using 8-
point bio-impedance analysis.  Percent body fat measured using the Tanita BC-418 has been 
shown to correlate highly (r = 0.87, p < 0.001) with the reference measure of dual-energy X-
ray absorptiometry (DXA) 298. Participant’s height, age, gender and a clothing allowance of 1 
kg were entered into the scales.  Participants were asked to remove shoes, socks and heavy 
outerwear clothing and to ensure their pockets were empty before stepping on to the 
scales.  Body mass index (BMI) was calculated by the scales as kg/m2. Waist circumference 
(WC) was measured using a standard anthropometric tape measure.  Following guidelines 
from the National Obesity Forum 269, the tape measure was placed around the abdomen 
midway between the uppermost border of the iliac crest and the lower edge of the chest 
(thorax) formed by the bottom edge of the rib cage.  A reading, to the nearest centimeter, 
was taken when the tape was snug, but not compressing the skin.  Blood pressure (BP) was 
assessed using an Omron M6 automated blood pressure monitor (Omron Healthcare 
Europe, Model: M3 HEM-7200-E, Hoofddorp, The Netherlands).  Three BP measurements 
were taken and the average of the readings was calculated and recorded. 
 
Measurement of Physical Activity and Sedentary Behaviour 
PA and SB were measured using an ActiGraph GT1M accelerometer (ActiGraph, Pensacola, 
FL).  This device was chosen for use in the present research as it is the most widely used 
accelerometer to assess PA in free living adults.  The accelerometer was initialised using the 
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accompanying ActiLife version 5 software to record movement counts at 60 second epochs.  
The participants wore the accelerometer for 7 consecutive days, except during water-based 
activities.  Research has suggested that reactivity to sealed pedometers (when the visible 
display is restricted) exists in comparison to unsealed pedometers as evidenced by an 
increase in step counts 65, 66, however, this reactivity appears to be short term during the 
first week 63, 98.  Therefore, a small sub sample (n = 19) wore the accelerometer for 9 
consecutive days, to determine the feasibility of asking participants to wear the 
accelerometer for a slightly longer period, should reactivity to accelerometer use be evident 
in the current study.  Participants were asked to place the ActiGraph around their waist, 
above the midline of their thigh, during waking hours throughout the monitoring period.  
The most commonly used cut point of <100 counts per minute (cpm) was used to denote SB 
76.  Light intensity physical activity (LIPA) was recorded as 100-1951 cpm with MVPA 
classified as activity counts ≥1952 cpm 110.  Accelerometer data were considered valid if 
there were more than 600 minutes of monitoring per day (excluding strings of consecutive 
zero counts for 60 minutes or longer), and at least 5 valid days of monitoring, 138.  In 
addition to wearing the ActiGraph, participants were asked to fill in a daily PA log, recording 
what activities they did and how long for.  Participants were also asked to log if the 
ActiGraph was removed for any reason during the day, why it was removed and for how 
long. 
 
Measurement of Sleep   
In order to capture sedentary behaviour in all domains, participants recorded the time they 
spent in bed and their total sleep durations. Participants recorded what time they went to 
bed, what time they settled down to go to sleep, how long it took them to get to sleep, if 
they woke up during the night and how long for.  Participants also recorded what time they 
woke up, at what time they got out of bed and if they had any naps during the day.  Time in 
bed was calculated as the total time between getting into bed and getting up in the 
morning.  The time spent sleeping was calculated as the total time between settling down to 
go to sleep and waking up in the morning minus the time it took them to fall asleep and any 
periods of time spent awake during the night.  All participants completed this diary for a 
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minimum of 7 days, however, a small sub-group (n = 19) completed the protocol for 9 days 
for reasons explained in the above section. 
 
Measurement of Dietary Intake   
To assess the feasibility of assessing dietary intake of the sample in addition to their PA, SB 
and sleep, the sub-group (n = 19) completing a longer monitoring period were also asked to 
complete a Food Frequency Questionnaire (FFQ).  The European Prospective Investigation of 
Cancer (EPIC) FFQ was chosen as it has been previously validated in UK adults 30.  The FFQ 
consists of a list of foods and a selection of options relating to the frequency of consumption 
of each of the foods listed (e.g. times per day, daily, weekly, monthly) (For example of FFQ, 
see Appendix).  The FFQ aims to assess habitual dietary intake.    To reduce the length of 
time participants spent in the laboratory, participants took the FFQ home with them and it 
was completed once during the monitoring period. 
 
 
Measurement of Socio-Demographic Characteristics 
Upon completion of the study, participants were invited to fill in a questionnaire to assess 
their occupation and neighbourhood socioeconomic status (SES).  This was not a main focus 
of this PhD thesis, however, given the nature of the variables that affect transitions in 
lifestyle behaviours it was considered important to also have a measure of the participant’s 
SES to contextualise their lifestyle behaviours.  If occupations were stated, they were later 
categorized into white-collar or blue-collar by the researcher.  Using the Standards 
Occupational Classification (2010; http://www.ons.gov.uk/ons/guide-
method/classifications/current-standard-classifications /soc2010/soc2010-volume-1-
structure-and-descriptions-of-unit-groups/index.html), occupations which fell into the first 
and second skill level were classified as blue collar jobs and those falling into the higher skill 
level categories were classified as white collar jobs.    To assess neighbourhood SES, 
participants were asked to provide their postcode in full.  Objective neighbourhood SES data 
were obtained from the Neighbourhood Statistics website 
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(http://www.neighbourhood.statistics.gov.uk/dissemination/) from the UK Office of 
National Statistics.  There are 32482 Lower layer Super Output Areas (LSOA) in England each 
ranked in terms of deprivation, with 1 being the most deprived and 32482 being the least 
deprived.  Each LSOA is ranked in seven domains of deprivation: income deprivation, 
employment deprivation, health deprivation and disability, education skills and training 
deprivation, barriers to housing and services, living environment deprivation, and crime. 
These rankings are then combined to provide an overall index of multiple deprivation (IMD), 
which was used to assess participant’s neighbourhood SES.  These additional data were 
collected to see if participants were willing to divulge personal information after completing 
an already time-consuming and demanding protocol. 
 
Data Analysis 
ActiGraph data were downloaded using ActiLife version 5. The freely available MAHUffe 
Accelerometer Analysis Software provided by the MRC Epidemiology Unit, Cambridge, UK 
(http://www.mrc-epid.cam.ac.uk/Research/Programmes/Programme_5/InDepth/ 
Programme%205_Downloads.html), was used to convert the raw accelerometer data into 
meaningful summary data. Statistical analyses were conducted using SPSS version 17. The 
primary analysis focused on participant’s compliance to the measurement protocol. Non-
compliance to wearing the accelerometer was defined as wear times less than 600 minutes 
on an individual day and wearing it less than 4 days over the duration of the study.  The 
completion rate of the sleep diary, activity log and FFQ was also assessed.  Participants had 
to have completed all pages of the FFQ, as well as completing all questions in the sleep diary 
and activity log on a daily basis for 7 days.  If these had not been completed, there would be 
concerns about the feasibility of this measurement protocol.  To examine the presence, if 
any of reactivity to wearing the accelerometer, following normality checks, repeated 
measures ANOVAs, with Bonferroni corrected post hoc paired sample t-tests, were used to 
identify if there were any significant differences in SB, including total sleep time (TST) and 
time in bed (TIB), and any dimension of PA (time spent in light intensity PA and time in 
moderate-vigorous PA) between any of the monitoring days, i.e. day 1 vs day 2, vs day 3, vs 
day 4 etc.  Statistical significance was set at p<0.05 unless otherwise stated. 
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Results 
Sample Characteristics and Compliance   
A sample of 78 healthy adults (71.8% female) aged between 18-66 years volunteered and 
consented to participate in the feasibility study with 74 participants included in the final 
analysis.  One participant withdrew from the study without reason, and 3 participants did 
not wear the accelerometer for the minimum required time (4 complete days, including one 
weekend day) and were therefore withdrawn from the study.  This final sample consisted of 
23 males and 51 females aged between 21 and 66 years.  The participant’s characteristics 
are displayed in Table 3.1.   
 
Table 3.2 shows the distribution of compliant days of accelerometer data.  Of the 74 
participants who completed the study, 93% of them wore the accelerometer for at least 7 
days, whilst 58.1% wore it for at least 9 days.  Only a small sub group of 19 participants were 
asked to wear the accelerometer for 9 days, 95% of which wore it for the required 9 days.  
From these percentages it is evident that participants not only wore the accelerometer for 
the required time, but some people wore it for longer than the time they were asked to 
wear it for, prior to returning to the laboratory for the follow-up visit.   
 
From the 74 participants who complied to the accelerometer protocol, there were 74 fully 
completed sleep diaries and activity logs.  From the sub-group of 19 participants who were 
also provided with the FFQ to complete during the 9 day monitoring period; 18 out of the 19 
participants completed it and handed it back to the researcher at the end of the study.  It is 
unknown as to why the remaining participant did not complete the FFQ.  
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TABLE 3.1. CHARACTERISTICS OF THE RECRUITED SAMPLE WHO COMPLETED THE FEASIBILITY STUDY AS SHOWN BY 
GENDER AND THE TOTAL  SAMPLE. 
 Male Female Total Sample 
Complied to study  
(%) 
100 % (n=21) 92.5 % (n=53) 95 % (n=74) 
Age  
(mean±SD) 
35.1 ± 12.4 33.8 ± 14.0 
 
38.0 ± 14.0 
Body fat %age 
(mean±SD) 
17.2 ± 7.2 31.7 ± 7.0 27.0 ± 9.6 
WC 
(mean±SD) 
87.3 ± 11.0 80.6 ± 11.5 82.7 ± 11.7 
BMI  
(mean±SD) 
24.2 ± 3.5 25.1 ± 5.4 24.5 ± 5.1 
IMD 
(Median) 
25534 25611 25588 
Occupation 
(% white collar: % blue collar) 
90% : 10% 
(n= 18 : 2) 
76% : 24% 
(n = 28 : 9) 
81% : 19% 
(n= 46 : 11) 
Time in LIPA 
(mean daily mins ±SD) 
238.1 ± 57.7 308.3 ± 99.4 287.0 ± 87.7 
Time in MVPA  
(mean daily mins ±SD) 
50.6 ± 33.3 41.4 ± 20.3 46.8 ± 29.0 
Time in SB  
(mean daily mins ±SD) 
708.1 ± 92.2 613.7 ± 129.6 639.4 ± 130.8 
TIB 
(mean daily mins ± SD) 
505 ± 29 512 ± 46 510 ± 41 
TST 
(mean daily mins ± SD)  
428 ± 48 428 ± 67 428 ± 51 
 
TABLE 3.2. DISTRIBUTION OF DAYS OF COMPLIANT ACCELEROMETER DATA. 
Days of 
compliant data 
No. of 
participants 
% of 
participants 
5 74 100 
6 73 98.6 
7 69 93 
8 55 74.3 
9 43 58.1 
>9 9 12.2 
In addition to 1 participant withdrawing from the study, an additional 3 participants did not meet 
the basic requirements of at least 5 days of valid accelerometer, therefore they were excluded 
from the analysis. 
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Reactivity 
The repeated measures ANOVAs revealed no significant differences between the time spent 
in SB, sleep duration, or time spent in each dimension of PA between the different 
monitoring days (all p>0.05), suggesting the absence of reactivity to any of these measures.  
 
Encountered Problems   
There were few problems encountered throughout the duration of this feasibility study.  
There was 1 person who withdrew from the study and 3 people who did not wear the 
accelerometer for the required period of time who were therefore excluded from the final 
analysis.  However, we obtained useable data from the remaining 74 participants.  One 
minor issue occurred at the beginning in the accelerometer initialising process.  The 
researcher entered the start date of the data collection in British format (dd/mm/yy), 
however, the ActiLife software used American formatting (mm/dd/yy), therefore 
participants had been wearing the accelerometer and it had not been collecting data.  This 
happened with 3 accelerometers before the problem was noticed.  The participants did 
however kindly agree to wear the device again for a further 9 days of monitoring.  In order 
to prevent this from happening again, the option of having a drop down calendar appear to 
choose a start date was chosen.    Few mechanical issues arouse, this may be due to one 
researcher using one computer to initialise and download the accelerometer data, a newer 
version of the ActiGraph being used and/or the sample, which due to their increased age 
may have been more careful with the equipment.  
  
Feedback from Participants  
When discussing the study with the participants once they had finished the monitoring 
period, there were a few issues that emerged.  A few of the participants reported some 
difficulty in recording their sleep patterns, whereas others said they had no problems with 
this.  It appeared that those who had problems recording their sleep data in fact completed 
the sleep diary at a later date as they forgot first thing in the morning.  This highlighted the 
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importance of suggesting to future participants that it is much easier to complete the sleep 
diary first thing in the morning and to complete the PA log last thing at night so that 
information is fresh in the participant’s mind.  Giving this information to participants 
enrolling later in the study appeared to reduce the confusion caused when trying to 
complete the diaries at a later date.  There were further complaints about the FFQ and how 
difficult it was to estimate food consumption.  However, the FFQ was used as research has 
shown it to be less burdensome for the participant than other methods of assessing dietary 
intake such as food diaries, weighed records or dietary recall 29. Because of the large 
number of different measures to be collected in this study it was important to have a 
method of dietary assessment that minimised participant burden. A promising finding was 
that people were happy to wear the accelerometer and reported that after a few days they 
were unaware of it.  There were a few comments from the sample that the device was 
sometimes uncomfortable when sitting down and some women reported that it could be 
seen under some clothing.  However, these reasons did not stop them from completing the 
study. 
 
Discussion  
This feasibility study was the first of its kind to concurrently measure PA, SB, sleep and diet 
in a sample of UK adults.  There is limited research investigating PA and diet concurrently in 
adults 192, 294, however, this study is unlike any other by adding an extra dimension of SB, 
including sleep patterns, as well as PA and dietary intake.  This study was intended to test 
the feasibility of a proposed method to measure multiple aspects of lifestyle concurrently 
and to identify faults, if any, in the projected method.  The feasibility study allowed the 
researchers to identify any problems with the methodology and correct them.    
  
The method used for assessing PA, SB and sleep in this feasibility study appeared to be 
successful in achieving a high level of compliance as evidenced by a very high completion 
rate of 95%.  The sub-group which completed the FFQ and wore the accelerometer for a 
total of 9 days had high compliance, with 18 out of 19 completing the study.  Of those who 
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completed the accelerometer part of the study, 100% of them fully completed all aspects of 
the study including the sleep diaries, activity logs and the FFQ.  The high compliance 
indicates that this method could be used to monitor PA, SB, sleep and dietary intake in a 
population of working age adults.   
 
Unlike what has been reported in the pedometer literature 63, 65, 66, the present study found 
no evidence of reactivity occurring in response to participant’s SB and PA levels being 
measured using the ActiGraph accelerometer, which does not provide immediate feedback 
on activity to participants. It may be that if people are not receiving immediate feedback on 
their step counts or PA levels, there is no reactivity present, which coincides with findings by 
Behrens and Dinger 22.  This finding indicates that reactivity is not a threat to the validity of 
accelerometer data collected over a period of 7 days, and any additional days of monitoring 
used to familiarise participants with the measurement protocol, and to counter any reactive 
effects, are not required in similar adult accelerometer studies thus reducing both 
researcher and participant burden.    
 
It must be noted however that a limitation of this study is the fact that participants were all 
volunteers, who were likely to be interested in finding out more about their lifestyle and 
health outcome measures.  Additionally, many of the participants were known associates of 
the researcher and therefore were more likely to comply to the protocol that was asked of 
them.  The sample comprised mainly of white collar workers (81%) and was not 
representative of all SES groups, it is therefore hard to say how generalisable these findings 
are to the general population.  However, despite this limitation, most research relies upon 
willing volunteers and is therefore prone to similar limitations. 
 
In conclusion, this feasibility study documented the feasibility of concurrently measuring PA, 
SB, sleep and dietary intake in a sample of UK working aged adults.  The success of this 
feasibility study shows that this method could be used in larger scale studies to monitor PA, 
SB, diet and sleep and was judged acceptable for the use in the longitudinal study, which is 
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the main focus of this PhD thesis.  As this feasibility study was only conducted once, the 
following section provides a more detailed methodology specific to the longitudinal study.  
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3.2              LONGITUDINAL STUDY METHODOLOGY 
 
Introduction 
Physical activity (PA), sedentary behaviour (SB), sleep and dietary choices are lifestyle 
behaviours which have been monitored and assessed extensively as individual behaviours.  
However, with all three behaviours having an impact on health, at least in part, 
independently of each other, it is vital that these behaviours are examined together to gain 
a holistic view of lifestyle influences on health.  The feasibility study ascertained that it is 
possible to monitor these multiple behaviours simultaneously.  Therefore similar methods 
for monitoring PA, SB, sleep and dietary intake are used throughout the longitudinal study 
that forms the main focus of this PhD thesis.  This section describes in full the methodology 
carried out to monitor PA, SB, sleep and dietary intake and the recruitment process and 
analysis techniques used for the longitudinal study. 
 
Methods 
Participants 
Factors such as time and the quantity of accelerometer available dictated the number of 
participants recruited.  Using the freely available power calculation software G*Power 
(available at http://www.psycho.uni-duesseldorf.de/aap/projects/gpower/), a priori power 
analyses was conducted and a target of 100 participants was set as this would give 
adequate power (81%) for statistical analyses.  For the longitudinal study, participants were 
recruited from Loughborough University staff.  Advertisements briefly describing the study 
were placed around the University campus and placed on an electronic notice board.  Those 
who were interested contacted the researcher for further information.  The study was fully 
explained to participants upon their first visit to the laboratory.  Additionally, local 
businesses were approached to recruit employees to take part.  For companies who were 
interested, an introductory session was arranged on site to provide volunteers with all of 
the necessary information, and for any questions to be answered.  All participants who 
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wanted to take part completed a health screen questionnaire and all volunteers gave their 
written, informed consent to participate (See Appendix for copies).  The inclusion criteria 
ensured that all participants were aged between 18-65 years, currently in full- or part-time 
work, in good general health and had no physical illnesses or disabilities that may affect 
their normal daily routine.  The study was approved by the Loughborough University Ethical 
Advisory Committee.   
 
Measurement of Health Indicators  
Participants either visited the laboratory at Loughborough University or, with the approval 
of supervisors, were visited at their workplace at the outset, during which a number of 
measures of health indicators were assessed including height (cm), weight (kg), BMI (kg/m2), 
body composition (Tanita BC-418 MA body composition analyser), waist circumference (cm) 
and blood pressure (Omron M6 automated blood pressure monitor).  For details of how 
these measures were taken, refer back to chapter 3.1 (pp. 73) where the methodology is 
explained in full.  Additionally, participants self-reported their current smoking status and 
were classified as either a non-smoker or smoker.  This method of taking these 
measurements was repeated for each participant at the onset of each seasonal monitoring 
period (see pp. 87 for a description of seasonal categorisations).   
 
Measurement of Physical Activity and Sedentary Behaviour 
As the feasibility study (see chapter 3.1 pp. 79) indicated that reactivity does not appear to 
be present during accelerometry use, participants were asked to wear the ActiGraph GT1M 
accelerometer throughout waking hours for 7 consecutive days, except-during water based 
activities during each season of the year.  Participants wore the ActiGraph around their 
waist, above the midline of their thigh.  Both PA and wake time SB were monitored using 
the ActiGraph, with SB classified as activity counts <100 counts per minute (cpm), a widely 
used cut point for classifying SB 76.  Intensities of PA were categorised using the commonly 
used Freedson cut points 110 with 100-1951 cpm classified as light intensity PA (LIPA) and 
moderate-vigorous PA (MVPA) classified as activity counts ≥1952 cpm.  Previous research 
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has stated that between 3-5 days, including 1 weekend day, of monitoring are needed to 
accurately estimate habitual PA 381, however, recent research suggests you need 5 days of 
monitoring to estimate SB using an accelerometer 138.  Therefore, accelerometer data were 
considered valid if there were more than 600 minutes of monitoring per day (excluding 
strings of zeros for 60 minutes or longer), and at least 5, including 1 weekend day, valid days 
of monitoring.  Like the feasibility study, participants were also required to complete an 
activity diary, describing what PA they did on each day and if they removed their 
accelerometer for any reason and when they did remove it.  The accelerometer was worn 
and diary completed for each season the participant consented to complete the study. 
 
Measurement of Sleep   
In addition to monitoring waking time SB, participants were asked to complete a daily sleep 
diary designed by the Clinical Sleep Research Unit (CSRU) at Loughborough University 
following the recommendations made by Buysse et al 44 for a standard sleep assessment 
tool.  This was completed for the same 7 consecutive days that they wore the 
accelerometer.  To reduce recall bias, participants were asked to complete the sleep diary 
first thing in the morning detailing the previous night’s sleep. Participants recorded what 
time they went to bed, what time they settled down to go to sleep, how long it took them to 
get to sleep, if they woke up during the night and how long for.  Participants also recorded 
what time they woke up, at what time they got out of bed and if they had any naps during 
the day.  Total time in bed was calculated from the time participants recorded getting into 
bed to the time they got out of bed in the morning.  Total sleep duration was calculated 
from the time participants recorded falling asleep to the time they recorded waking up the 
following morning subtracting any time they woke up during the night.  This diary was 
completed during each season the participant completed.  The amount of days necessary 
for accurate estimation of sleep duration is still under investigation, however, a study by 
Knutson and colleagues 195 determined 5-6 nights of monitoring was sufficient for a reliable 
estimation of sleep duration, therefore the same criteria applied to PA (5 days, including 
one weekend day recorded) was used for valid sleep diaries. 
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Measurement of Dietary Intake   
Following the success of the feasibility study, the European Perspective Investigation of 
Cancer (EPIC) Food Frequency Questionnaire (FFQ) was used to estimate dietary intake of 
the participants.  An FFQ was given to participants at the start of each seasonal monitoring 
period and they were asked to complete it as accurately as possible for the current season.  
The FFQ was completed by participants during the 7 day monitoring period and was 
collected from participants along with the ActiGraph and the PA and sleep diaries after the 7 
days were completed.  FFQ’s were considered valid and included in analyses only if they 
were fully completed.  Those with pages incomplete were considered non-compliant and 
were therefore excluded from the analyses.   
 
The foods listed within the FFQ were coded according to participants reported consumption 
of each food. For each participant the relevant code for each food was entered into Excel 
(for a coded example of the FFQ see Appendix).  Once the questionnaires were all entered 
into Excel in the appropriate format, the Excel file was sent to the EPIC research group at 
Cambridge University for analysis.  They used a new software programme which they 
designed for the analysis of their FFQ.   The software program, FFQ EPIC Tool for Analysis 
(FETA), is a new, open-source, stand-alone, cross platform FFQ processing tool, based on the 
earlier CAFE system, to produce nutrient data 407.  In brief, FETA programme converts the 
frequency data (i.e. Never or less than once/month, 1-3 per month, once a week, 2-4 per 
week, 5-6 per week, once a day, 2-3 per day, 4-5 per day or 6+ per day) of each food listed 
to a daily frequency (0.00, 0.07, 0.14, 0.43, 0.79, 1.00, 2.50, 4.50, 6.00, respectively).  The 
programme uses the UK Composition database ‘McCance and Widdowson's The 
Composition of Foods’ and it's Supplements 57-59, 156-162 to gather portion size and nutrient 
data for each food and uses the following equation: Frequency x portion size x (nutrient 
composition/100) = nutrients per food.  A full methods paper is in preparation by the EPIC 
group for the exact process for establishing the nutrient data from the FFQs. 
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Assessment of Occupation 
Participants were asked their job title and to give a description of their daily duties during 
the follow up meeting of their initial measurement period.  Job titles were then categorised 
into blue- and white-collar. Using the Standards Occupational Classification (2010; 
http://www.ons.gov.uk/ons/guide-method/classifications/current-standard-classifications 
/soc2010/soc2010-volume-1-structure-and-descriptions-of-unit-groups/index.html), 
occupations which fell into the first and second skill level were classified as blue collar jobs 
and those falling into the higher skill level categories were classified as white collar jobs.      
 
Seasonal Variation in Climate during the Longitudinal Study 
Data from The Met Office 367 (http://www.metoffice.gov.uk/climate/uk/) were collected and 
summarised to demonstrate the changes in weather in the East Midlands (the captured 
community) at the time of data collection (from the summer of 2009 through to the spring 
of 2011).  Throughout this longitudinal study, the 4 seasons of the year were categorised as 
follows; summer solstice: 21st June – 21st September; autumn equinox: 22nd September – 
20th December, winter solstice: 21st December – 19th March; spring equinox: 20th March – 
20th June. The figures below display the seasonal changes in temperature, rainfall and 
sunshine hours for the East Midlands during the period that data were collected.  This 
section aims to demonstrate how the climate changed over the measurement period. 
  
The average temperatures for each season are displayed in Figure 3.1.  It must be noted that 
the temperatures displayed are day and night temperatures and averaged from seasons in 
2009 and 2010.  The average temperature for summer in the East Midlands was 14.7°C, 
which was 0.7°C warmer than the 1971-2000 average temperature for summer.  Autumn’s 
average temperature was 9.6°C, which was 0.5°C warmer than the 1971-2000 average 
which was only 9.1°C.  The average temperature for winter was 2°C, which was 1.6°C cooler 
when compared to the 1971-2000 average of 3.6°C.  The average temperature for spring 
was 8.1°C, which was 0.5°C warmer than the 1971-2000 average of 7.4°C.   
 
 
87 
 
The average rainfall for each season is displayed in Figure 3.2.  During the summer, The East 
Midlands experienced 246.7 mm of rainfall.  In autumn, this increased, to 363.1 mm of rain.  
During the winter months, 226.5 mm of rain fell and in spring there was 164.1 mm of rain 
fall.  There was only data available on volume of rainfall for this time period, however there 
is a 1971-2000 average for the number of days of precipitation for each month.  These 
averages demonstrate that winter has more precipitation days (12.3) in comparison to 
summer (9.2).   
 
The average sunshine hours for each season are displayed in Figure 3.3.  In The East 
Midlands during the summer months there were 517.1 hours of sunshine.  Unsurprisingly, 
the amount of hours fell in autumn to 285.5 hours and again in winter to just 174.7 hours of 
sunshine.  In spring, The East Midlands experienced a total of 515.8 sunshine hours. 
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FIGURE 3.10. MEAN DAILY TEMPERATURE IN ° CELSIUS (Y AXIS) FOR THE EAST MIDLANDS AREA BETWEEN SUMMER 2009 
AND SPRING 2011 FOR EACH SEASON. 
 
FIGURE 3.11. MEAN DAILY MILLIMETRES OF RAINFALL (Y AXIS) FOR THE EAST MIDLANDS AREA BETWEEN SUMMER 2009 
AND SPRING 2011 FOR EACH SEASON. 
 
FIGURE 3.12. MEAN DAILY HOURS OF SUNSHINE (Y AXIS) FOR THE EAST MIDLANDS AREA BETWEEN SUMMER 2009 AND 
SPRING 2011 FOR EACH SEASON. 
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Procedures 
Recruitment for the longitudinal study was an on-going process from September 2009 
through to August 2010.  Participant’s initial measurements were therefore staggered 
throughout the recruitment period.  Participants recruited from the Loughborough 
University staff population visited the laboratory on site where the study was explained to 
them in full and they had the chance to ask any questions and to complete an informed 
consent form and health screen questionnaire.  Height, weight, BMI, body composition, WC 
and BP measurements were taken and participants were given an accelerometer, PA diary, 
daily sleep diary and FFQ.  As this was a surveillance study interested in exploring seasonal 
changes in usual behaviour, participants were required to continue with their normal 
routine during each seasonal monitoring period.  An additional meeting after the 7 day 
monitoring period was arranged with the participant so they could return the accelerometer 
and paperwork.  During this meeting the researcher established whether participants had 
experienced a typical week during the 7-day monitoring period. For participants who were 
recruited from external companies, a group email to all interested employees was sent out 
to arrange a convenient day and time for the researcher to come on-site and carry out the 
same protocol to that in the laboratory.  Full support of the company was given.  After 
participants had completed their 7 day monitoring period, the researcher would contact 
those involved in the study at each company to find a convenient time to pick up each 
accelerometer and paperwork.  
 
Following the initial monitoring period, participants were contacted during the following 
season to see if they would be willing to continue with the study.  All participants were 
contacted via email and group emails were sent to external companies.  A convenient day 
and time was arranged for the participant to either visit the laboratory or for the researcher 
to visit the participant at their workplace.  The same procedures from the baseline visit were 
followed in subsequent visits.  In order to collect as much data for each season as possible, 
every participant was contacted at the beginning of each season to ask if they would be 
willing to participate in the study for the current season unless they had previously fully 
withdrawn from the study. Participants were included in each seasonal monitoring period 
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provided they reported experiencing no non-seasonal changes to their behaviour, for 
example, a house move that involved them changing their mode of travel to/from work, or a 
change in job role that affected their PA and/or SB at work.  
 
After the accelerometers were collected after each monitoring period, the data were 
immediately downloaded and saved using ActiLife version 5.  Additionally, TIB and TST were 
calculated for each day, and FFQ data were inputted into Excel.  Once all participants had 
completed a season, the accelerometer data were analysed.  However, seasonal variation 
data had to wait until every participant had completed each season.  All analyses were 
conducted using Statistics Package for Social Sciences version 17.0 (SPSS).  The significance 
level was set at alpha = 0.05, unless otherwise stated.  The Kolmogorov-Smirnov test was 
used to assess normal distribution of the data.  As the significance level was set at p < 0.05, 
if p < 0.05, the data were not normally distributed and non-parametric test equivalents were 
used.  Each chapter expands in detail which further analyses were performed to explore the 
data relevant for that chapter. 
 
Structure 
The following chapters display results from the longitudinal study.  Chapter 4 reports the 
initial results, representing the data collected from each participant during their first 
seasonal monitoring period. This chapter presents the demographic characteristics of the 
sample, time spent in each behaviour (PA, SB and sleep), day of the week variation in these 
behaviours and how these lifestyle behaviours, including caloric intake affect risk factors for 
poor health.  Chapter 5 reports the seasonal variations in each specific lifestyle behaviour 
(PA, SB including sleep, and diet) assessed over the longitudinal study and any seasonal 
changes in risk factors for poor health that may be a consequence of seasonal variations in 
lifestyle behaviours.   
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Chapter 4 
Initial Results – Cross 
Sectional Findings 
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CHAPTER 4             INITIAL RESULTS 
 
This chapter will look at the results from the initial measurement period of the longitudinal 
study for each participant, representing a cross-sectional analysis. The methods used to 
collect the data were all explained in full in the previous chapter.  However, because 
analyses carried out on the baseline data and the subsequent longitudinal data differed, 
data analysis will be explained in full for each results chapter.  The findings of the feasibility 
study are presented in the next section and have been presented (poster) at the 2011 
American College of Sports Medicine 58th Annual Meeting, 2 June, 2011. 
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Introduction 
There are growing concerns about the current low levels of daily PA, increased time spent in 
SB, reduced quality of diet and their associated health risks among adults living in the UK.  
Many chronic diseases such as obesity, cardiovascular disease, type 2 diabetes and some 
cancers are, at least partly, a result of current lifestyles 1.  However, it is important to 
identify which lifestyle behaviours contribute to these increased health risks and to what 
degree.  There is compelling evidence that a lack of PA and poor diet play a vital role in the 
etiology of these diseases 211, 236, 317.  More recently there is growing evidence that SB and 
poor sleep quality may also contribute to poor health 88, 115, 132, 133, 152, 181.  As yet, there is no 
research that looks at all of these behaviours simultaneously in working aged UK adults.   
 
The aim of this longitudinal study was to concurrently measure lifestyle behaviours (PA, SB, 
sleep and diet) and to investigate how these behaviours relate to a number of health 
parameters. The longitudinal nature of the research outlined in this thesis allows an 
examination of how these behaviours may change over the different seasons of the year 
(these findings are reported in Chapter 5).  The results presented in this chapter are the 
initial (baseline) measurements; the data collected from participants upon entry to this 
study, regardless of season.  This section introduces the reader to the participants, their 
characteristics and lifestyle behaviours recorded at baseline.  This chapter also examines the 
relationships between lifestyle behaviours (PA, SB, sleep and energy intake) and risk factors 
for poor health (body mass index (BMI), fat percentage, waist circumference (WC), systolic 
blood pressure (SBP) and diastolic blood pressure (DBP)).  Additionally, day of the week 
variation in these lifestyle behaviours are also examined. 
 
Methods 
Data Analysis 
Using the freely available software G*Power (available at: http://www.psycho.uni-
duesseldorf.de/aap/projects/gpower/) post hoc power analyses were conducted. 
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Descriptive statistics were calculated on the health indicator data (age, height, weight, BMI, 
body fat percentage, WC, smoking status, SBP and DBP) to examine mean and standard 
deviation for all participants.  The Kolmogorov-Smirnov test was performed to assess 
normal distribution of the data.  This test confirmed that all data were normally distributed 
and therefore parametric analyses were undertaken.  Further analyses were undertaken to 
divide participants into 2 groups, those who fully complied to the protocol (n=72) described 
previously (chapter 3.2 pp. 84-87) and those who withdrew from the study or were 
excluded for not fully complying to the protocol (n=23). Independent t-tests were 
conducted to see if there were any significant differences between the 2 groups (those who 
were included and those who were excluded) in terms of age, weight, BMI, fat percentage, 
WC, SBP and DBP.  Comparing these two groups provides a foundation to understand how 
representative those included in the longitudinal study are of those who enrolled into the 
baseline phase of the study. Such attrition analyses are essential to understanding the data 
produced in longitudinal studies. Gender differences within the included and excluded 
groups were also explored using independent t-tests in both groups.    
 
Descriptive statistics were calculated to examine means and standard deviations for 
accelerometer wear time recorded over the 7 day monitoring period.  Similarly, mean (and 
standard deviation) daily time spent in light intensity PA (LIPA), moderate-vigorous intensity 
PA (MVPA) and time spent in SB were calculated over the 7 day period.  Mean (and standard 
deviation) nightly time in bed (TIB) and total sleep time (TST) were also calculated over the 7 
day monitoring period along with descriptive statistics for energy (kcal), carbohydrate (g), 
fat (g), protein (g) and alcohol (g) intake.   
 
To allow safe assumptions that data collected were a true representation of habitual activity 
if participants did not wear the accelerometer for the minimum amount of time (600 
minutes of monitoring per day, excluding strings of consecutive zero counts for 60 minutes 
or longer, on at least 5 valid days of monitoring), they were excluded from the analysis.  
Additionally, the focus of this thesis is to simultaneously measure multiple lifestyle 
behaviours in participants, therefore, if sleep diaries or FFQ were not fully completed, 
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participants were excluded from analyses.  Therefore this analysis, and subsequent analysis, 
only used data from the participants who fully complied to the protocol of the study.  
Independent t-tests were used to identify any gender differences for these variables.    
  
To determine the overall variance in BMI, body fat percentage, WC and BP explained by 
time in LIPA, MVPA, SB, TIB, TST and energy intake, multiple linear regression analyses were 
carried out.  Histograms and probability plots were created to check the distribution of the 
data and assess normality of the residuals.  In addition, the standardised residuals for each 
model were saved and the Z scores for skewness and kurtosis of each variable were 
checked.  As age and gender are known to have an effect on BMI, body fat, WC and BP, all 
models were initially adjusted for the potential confounders of age and gender, with further 
adjustment for smoking status when examining associations with BP.  The first step was to 
assess the effect of each behaviour independently, controlling for confounding variables 
(age, gender and smoking status where appropriate).    To assess the effect of combined 
behaviours on the indicators for poor health a stepped approach to analysis was 
undertaken, with the confounding variables being added to the models first.  The most 
active of behaviours (MVPA and LIPA) were added into the model in the next step, followed 
by the more sedentary behaviours (SB, TIB and TST) and finally energy intake was entered.  
As variables were added to the models, the collinearity statistics were checked.  Though no 
precise definition of collinearity has been established in the literature, commonly used 
values <0.1 for tolerance and >10 for variance inflation factor were used to identify 
problems with collinearity 108, 277.  As gender plays an important role in body fat percentage 
and waist circumference, separate analyses were done for each gender for these two 
variables.        
  
Mean time spent in all intensities of PA, SB, TIB and TST were calculated for weekdays 
(Monday-Friday), weekend days (Saturday-Sunday) and the entire week (Monday-Sunday) 
using data from all participants who complied to the protocol.  Paired samples t-tests were 
used to identify whether there were any differences in LIPA, MVPA, SB, TIB and TST during 
weekdays and weekend days.  Data from the participants who completed 7 full days of 
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monitoring (n=52) were used to assess if there were any day of the week changes.  
Repeated measures ANOVAs were used to identify significant differences in behaviours on 
each day of the week.  Significant ANOVAs were examined using post hoc Bonferroni-
corrected paired sample t-tests, to identify on which days the differences lay.  For the post 
hoc Bonferroni-corrected tests, differences were considered to be significant where p < 
0.002.  Independent t-tests were used to identify any gender differences within the sample.  
Additionally, to assess if there were any significant differences between those participants 
who provided 7 days of data and those who did not, independent t-tests were used to 
compare means of age, height, weight, BMI, WC, fat percentage, SBP and DBP.    
 
Results 
Sample Characteristics and Compliance   
Ninety five individuals (36.8% male) volunteered and consented to participate in the study, 
with 72 participants included in the final analysis using data collected during the first 
monitoring period (initial measurements).  Three participants withdrew from the study 
during the initial monitoring period for medical reasons and the remaining 20 participants 
were excluded from the study on the basis of not meeting the minimal requirements of 
accelerometer wear time (n=16) or not completing the FFQ and/or sleep diary (n=4).  The 
final study sample consisted of 25 males and 47 females aged between 18 and 64 years.  
The sample characteristics of the included participants are displayed in Table 4.1, the results 
are presented for the sample as a whole, and by gender.   Independent t-tests 
demonstrated that there were some gender differences within the included participants.  
Unsurprisingly, average height (t(70) = 8.034, p < 0.001), weight (t(70) = 8.034, p < 0.001) 
and WC (t(70) = 3.130, p < 0.01) were greater in males in comparison to females, and  fat 
percentage was higher in females in comparison to males (t(70) = 8.195, p < 0.001).  In this 
sample, females, on average, were older than males (t(70) = 2.199, p < 0.05) and males had 
higher SBP (t(70) = 2.196, p < 0.05) in comparison to females.  There were no significant 
differences in terms of DBP (t(70) = 0.220, p = 0.827) and BMI (t(70) = 0.371, p = 0.711).  
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TABLE 4.1. SAMPLE CHARACTERISTICS OF THE 72 PARTICIPANTS WHO FULLY COMPLIED TO THE STUDY REQUIREMENTS 
OF A FULLY COMPLETED FFQ, SLEEP DIARY AND A MINIMUM OF 5 DAYS OF 600 MINUTES ACCELEROMETER WEAR TIME 
AT BASELINE. ASTERISKS DENOTE LEVEL OF SIGNIFICANT GENDER DIFFERENCES (* P < 0.05, ** P < 0.01, ***P < 0.001) 
  Male Female Total Sample 
% who complied to study  
(n) 
 
71.4  
(n=25) 
78.3  
(n=47) 
75.8  
(n=72) 
Age  
(mean yrs ± SD) 
* 
34.2 ± 12.1 41.7 ±14.8 
 
39.1 ± 14.3 
Height  
(mean cm ± SD) 
*** 
180.6 ± 8.6 164.7 ± 7.6 170.2 ± 10.9 
Weight 
(mean kg ± SD) 
*** 
83.4 ± 8.6 68.3 ± 14.8 73.6 ± 16.0 
BMI  
(mean ± SD) 
 
25.5 ± 3.3 25.1 ± 5.0 25.2 ± 4.5 
Fat Percentage  
(mean ± SD) 
*** 
19.3 ± 5.5 33.2 ± 7.5 28.3 ± 9.5 
Waist circumference 
(mean cm ± SD) 
** 
90.4 ± 9.1 82.1 ± 11.6 85.0 ± 11.5 
Systolic Blood Pressure 
(mean mmHg ± SD) 
* 
134.9 ± 15.8 124.4 ± 20.8 128.1 ± 19.7 
Diastolic Blood Pressure 
(mean mmHg ± SD) 
 
81.4 ± 12.3 80.7 ± 13.7 80.9 ± 13.1 
Occupation  
(% white collar: % blue collar) 
 
76 : 24 
(n= 19 : 6) 
72 : 28 
(n = 34 : 13) 
74 : 26 
(n= 53 : 19) 
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The sample characteristics of the excluded participants are displayed in Table 4.2.  Similar 
gender differences were found in this sample, with males, on average being taller (t(21) = 
5.219, p < 0.001) and weighing more (t(21) = 2.329, p < 0.05) in comparison to females and 
females having a higher fat percentage (t(21) = 4.419, p < 0.001) than males.  In this sample 
of adults, there were no significant differences between males and females in terms of age 
(t(21) = 0.183, p = 0.857), BMI (t(21) = 0.110, p = 0.914), WC (t(21) = 0.234, p = 0.234), SBP 
(t(21) = 0.101, p = 0.920) and DBP (t(21) = 0.081, p = 0.936).  Independent t-tests revealed 
that there were no significant differences between those who were included in analysis and 
those who were excluded (p > 0.05) in terms of any of the measurements taken (results not 
shown). 
 
TABLE 4.2. SAMPLE CHARACTERISTICS OF THE 23 PARTICIPANTS WHO WITHDREW FROM THE STUDY OR DID NOT FULLY 
COMPLY TO THE STUDY REQUIREMENTS AND WERE THEREFORE EXCLUDED.  ASTERISKS DENOTE LEVEL OF SIGNIFICANT 
GENDER DIFFERENCES (* P < 0.05, ** P < 0.01, ***P < 0.001) 
  Male Female Total Sample 
% who withdrew from study  
(n) 
 43.5 (n=10) 56.5 (n=13) 24.2 (n=23) 
Age  
(mean yrs ± SD) 
 41.4 ± 15.9 42.5 ± 13.9 
 
42.0 ± 14.5 
Height  
(mean cm ± SD) 
*** 179.3 ± 5.5 166.9 ± 5.8 172.3 ± 8.4 
Weight  
(mean kg ± SD) 
* 83.4 ± 10.4 71.8 ± 12.8 76.8 ± 12.9 
BMI 
(mean ± SD) 
 25.9 ± 2.6 25.7 ± 4.2 25.8 ± 3.5 
Fat Percentage  
(mean ± SD) 
*** 19.6 ± 4.3 33.1 ± 8.9 27.2 ± 9.9 
Waist circumference 
(mean cm ± SD) 
 88.0 ± 3.9 83.3 ± 11.6 85.6 ± 11.5 
Systolic Blood Pressure 
(mean mmHg ± SD) 
 131.2 ± 9.5 130.6 ± 16.2 130.9 ± 13.4 
Diastolic Blood Pressure 
(mean mmHg ± SD) 
 83.6 ± 8.0 83.2 ± 12.5 83.4 ± 10.6 
Occupation 
(% white collar: % blue collar) 
 40 : 60 
(n= 4 : 6) 
46 : 54 
(n = 6 : 7) 
43 : 57 
(n= 10 : 13) 
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For participants who complied to the protocol basic descriptive statistics were carried out 
on the mean daily accelerometer wear time over the course of the measurement period, 
mean daily minutes spent in SB, LIPA, MVPA, TIB, TST and energy intake.  These are 
displayed in Table 4.3, again presented by gender and the whole sample.  In this sample of 
72 adults, there were no significant differences for wear time of the accelerometer (t(70) = 
1.127, p = 0.264), time spent in LIPA (t(70) = 0.496, p = 0.621), SB (t(70) = 0.442, p = 0.660), 
TIB (t(70) = 1.188, p = 0.239) and TST (t(70) = 1.091, p = 0.279) between males and females.  
However, males from this sample tended to spend significantly more time in MVPA (t(70) = 
2.316, p < 0.05) in comparison to females.  In terms of diets, as would be expected, males 
reported significantly greater amounts of energy intake (t(70) = 2.251, p < 0.05) in 
comparison to females.  
 
TABLE 4.3. MEAN DAILY REGISTERED WEAR TIME AND MEAN TIME SPENT PER DAY IN EACH BEHAVIOUR AND ENERGY 
INTAKE DURING PARTICIPANT’S BASELINE MONITORING PERIOD. ASTERISKS DENOTE LEVEL OF SIGNIFICANT GENDER 
DIFFERENCES (* P < 0.05, ** P < 0.01, ***P < 0.001) 
  Male Female Total Sample 
Registered wear time 
(mean daily mins ± SD) 
 1015.5 ± 42.8 1001.7 ± 122.2 1006.5 ± 49.5 
Time in LIPA  
(mean daily mins ± SD) 
 281.4 ± 83.6 290.5 ± 79.3 287.3 ± 74.1 
Time in MVPA  
(mean daily mins ± SD) 
* 50.8 ± 29.6 37.1 ± 24.8 41.8 ± 24.6 
Time in SB 
(mean daily mins ± SD) 
 683.3 ± 102.4 674.1 ± 105.6 677.3 ± 82.9 
Total TIB 
(mean daily mins ± SD) 
 495.5 ± 62.9 514.5 ± 82.3 507.9 ± 64.9 
TST  
(mean daily mins ± SD)  
 426.7 ± 44.5 440.2 ± 66.9 435.5 ± 49.8 
Energy Intake 
(mean daily kcal ± SD) 
* 2169.4 ± 421.6 1798.2 ± 763.2 1927.1 ± 684.9 
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Figure 4.1 demonstrates how the participants spent their waking hours on a typical 
weekday, with Figure 4.2 showing how participants spent their typical weekend day.  This 
was the accelerometer derived data which came from the 72 participants who completed 
their baseline monitoring period.  During their waking hours on a typical weekday, 
participants spent a significantly larger proportion of time in SB, roughly 68% of their waking 
hours.  On weekdays, participants typically spent a small proportion of time their waking 
hours in PA (32%), only 4% of which is in MVPA.  On weekend days, participants spent a 
similarly large proportion of their waking hours in sedentary pursuits, however, this was less 
than weekdays at 65%.  There was a slight increase in time spent in PA (35%) on weekend 
days, however, MVPA remained low at 4%. 
 
FIGURE 4.1. MEAN PERCENTAGE TIME SPENT IN EACH BEHAVIOUR DURING WEEKDAY WAKING HOURS (16.8 HOURS). 
 
FIGURE 4.2. MEAN PERCENTAGE TIME SPENT IN EACH BEHAVIOUR DURING WEEKEND WAKING HOURS (16.7 HOURS). 
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Associations between Physical Activity, Sedentary Behaviour, Sleep, Diet and Indicators for 
Poor Health 
The first step of the regression analysis was designed to assess the association between 
each of the health parameters (BMI, fat percentage, WC, SBP, DBP) and each individual 
lifestyle behaviour (LIPA, MVPA, SB, TIB, TST and energy intake).  Linear regression analyses 
were carried out including just one behaviour as an explanatory variable for each of the 
health parameters in each model separately, but also controlling for the known effects of 
age and gender (as well as smoking status when examining both SBP and DBP).  This was 
done so that age, gender or smoking effects were not mistaken for effects of LIPA, MVPA, 
SB, TIB, TST or energy intake on the indicators for poor health.  The results of these analyses 
are displayed in Table 4.4.  Separate gender models were performed when building the 
models for both body fat percentage and waist circumference because of the known 
biologically driven gender differences in these variables. However, as the sample sizes were 
small for each gender (male n=25, female n=47), the focus in this results chapter is to 
present the combined gender models for the larger sample size, but to highlight any gender 
differences that were observed in the separate analyses within the text of this results 
chapter. 
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TABLE 4.4. PRESENTS NONSTANDARDISED COEFFICIENTS WITH STANDARD ERROR, FOLLOWED BY STANDARDISED BETA AND R
2
 VALUES.  ASTERISKS DENOTE LEVELS OF 
STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01  
a
 gender and age controlled for 
b
 smoking status controlled for
Health Parameters BMI
a Fat %agea WCa SBPa,b DBPa,b 
Behaviours 
LIPA 
Beta (SE)  
Standardised beta 
R2 
 
.020 (.008) 
.333* 
R2 = .088 
 
.023 (.012) 
.181 
R2 = .532 
 
.037 (.019) 
.239 
R2 = .183 
 
.043 (.026) 
.160 
R2 = .507 
 
.056 (.020) 
.318** 
R2 = .353 
MVPA 
Beta (SE)  
Standardised beta 
R2 
 
-.040 (.022) 
-.217 
R2 = .047 
 
-.060 (.033) 
-.157 
R2 = .529 
 
-.108 (.052) 
-.234* 
R2 = .190 
 
-.029 (.076) 
-.036 
R2 = .488 
 
.054 (.060) 
.101 
R2 = .284 
SB 
Beta (SE)  
Standardised beta 
R2 
 
-.013 (.007) 
-.235 
R2 = .056 
 
-.021 (.010) 
-.182* 
R2 = .539 
 
-.025 (.016) 
-.178 
R2 = .170 
 
-.036 (.021) 
-.151 
R2 = .509 
 
-.050 (.016) 
-.318** 
R2 = .374 
TIB 
Beta (SE)  
Standardised beta 
R2 
 
.006 (.009) 
.090 
R2 = .009 
 
.020  (.013) 
.134 
R2 = .521 
 
.018 (0.22) 
.102 
R2 = .148 
 
.029 (.029) 
.094 
R2 = .495 
 
.022 (.023) 
.109 
R2 = .286 
TST 
Beta (SE)  
Standardised beta 
R2 
 
.010 (.012) 
.113 
R2 = .013 
 
.036 (.018) 
.188* 
R2 = .534 
 
.033 (.029) 
.142 
R2 = .155 
 
.031 (.039) 
.079 
R2 = .492 
 
.025 (.031) 
.093 
R2 = .283 
Energy Intake 
Beta (SE)  
Standardised beta 
R2 
 
-.000 (.001) 
-.001 
R2 = .041 
 
.000 (.001) 
-.027 
R2 = .485 
 
-.001 (.002) 
-.038 
R2 = .103 
 
-.003 (.003) 
-.102 
R2 = .466 
 
.001 (.002) 
.069 
R2 = .237 
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When looking at the effects of individual behaviours independently on the indicators of 
poor health, there were not many significant associations observed.  LIPA had a significant 
positive association with BMI and DBP.  On average, an increase in 1 standard deviation (SD) 
of LIPA was associated with an increase of 0.33 of a SD in BMI and an increase of 0.32 of a 
SD in DBP.  MVPA had a significant negative association with WC.  On average, an increase 
of 1 SD of MVPA was associated with a decrease of 0.23 of a SD in WC.  SB had a significant 
negative association with fat percentage and DBP.  On average, an increase of 1 SD in SB 
was associated with a decrease of 0.18 of a SD in fat percentage and a decrease of 0.32 of a 
SD in DBP.  TST had a significant positive association with fat percentage, with an increase of 
1 SD of TST associated with an increase of 0.19 a SD in fat percentage.   
 
When building the regression models, it became apparent that LIPA and SB were highly 
correlated (Figure 4.3), r = -.780, p < 0.001, resulting in problems with multi-collinearity, 
with a variance inflation factor larger than 10 in models where both behaviours were 
included.  Therefore LIPA and SB could not be entered into the same model without 
violating the assumptions of the regression models.   
 
FIGURE 13.3. SCATTER PLOT OF MINUTES IN LIPA AND MVPA 
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Associations between lifestyle behaviours and BMI 
 
The combined effects of the lifestyle behaviours on BMI are shown in Table 4.5.  The 
behavioural factors alongside gender and age entered into the multiple regression models 
explained up to 8.6% of the variance in BMI.  LIPA and SB showed consistently significant 
associations with BMI, after adjusting for other relevant non co-linear behavioural factors, 
as well as gender and age.  In model 3, when LIPA was included and age and gender were 
controlled for, LIPA showed a significant association with BMI.  On average, every 1 SD 
increase in LIPA is associated with an increase of 0.32 of a SD in BMI.  Overall, model 3 
accounted for 7.4% of the variance in BMI within the sample.  When TIB, TST and energy 
intake were added to the subsequent models, the association between LIPA and BMI 
remained significant, however, TIB, TST and energy intake were not significantly associated 
with BMI.  In subsequent models SB was added whilst LIPA was removed.  In model 7, SB 
was added, showing a significant association with BMI.  Additionally, MVPA appeared to 
have a significant association with BMI, when entered into the model with SB.  On average, 
an increase of 1 SD in SB, was associated with a decrease of 0.32 of a SD in BMI, whilst an 
increase of 1 SD in MVPA was associated with a reduction of 0.31 of a SD in BMI.  As in 
previous models, when TIB, TST and energy intake were added to the model, they showed 
no significant association with BMI, however, the significant associations between MVPA 
and SB remained. 
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TABLE 4.5. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH BMI. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED BETA 
AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001 
BMI Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 1 
Constant 
Age 
Gender 
 
26.187 
-.009 
-.332 
 
2.205 
.039 
1.168 
 
 
-.029 
-.035 
.000 
 
Model 2 
Constant 
Age  
Gender 
MVPA 
 
28.714 
-.008 
-.885 
-.040 
 
2.599 
.039 
1.193 
.022 
 
 
-.026 
-.094 
-.217 
.004 
 
Model 3 
Constant 
Age  
Gender 
MVPA 
LIPA 
 
24.545 
-.058 
-.649 
-.037 
.020 
 
3.023 
.042 
1.5146 
.022 
.008 
 
 
-.184 
-.069 
-.203 
.322* 
.074 
 
Model 4 
Constant 
Age 
Gender 
MVPA 
LIPA 
TIB 
 
20.590 
-.047 
-.864 
-.036 
.020 
.007 
 
5.664 
.045 
1.186 
.022 
.008 
.009 
 
 
-.148 
-.092 
-.197 
.331* 
-.104 
.069 
 
Model 5 
Constant 
Age 
Gender 
MVPA 
LIPA 
TIB 
TST 
 
19.655 
-.042 
-921 
-.036 
.020 
.001 
.006 
 
6.264 
.047 
1.204 
.022 
.008 
.013 
.017 
 
 
-.134 
-.098 
-.200 
.325* 
.054 
-.069 
.057 
 
Model 6 
Constant 
Age 
Gender 
MVPA 
LIPA 
TIB 
TST 
Energy Intake 
 
19.673 
-.042 
-.928 
-.036 
.020 
.004 
.006 
.000 
 
6.341 
.047 
1.238 
.023 
.008 
.013 
.017 
.001 
 
 
-.134 
-.099 
-.199 
.326* 
.055 
.069 
-.004 
.042 
 
Model 7 
Constant 
Age 
Gender 
MVPA 
SB 
 
42.223 
-.025 
-1.141 
-.056 
-.017 
 
7.933 
.038 
1.147 
.022 
.007 
 
 
-.080 
-.121 
.308* 
.319* 
.086 
 
Model 8 
Constant 
Age  
Gender 
MVPA 
SB 
TIB 
 
44.397 
-.031 
-1.062 
-.057 
-.018 
-.003 
 
8.899 
.042 
1.181 
.023 
.007 
.009 
 
 
-.099 
-.113 
-.314* 
-.333* 
-.042 
.073 
 
 
 
106 
 
TABLE 4.5. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH BMI. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED BETA 
AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001 (CONTINUED) 
BMI Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 9 
Constant 
Age  
Gender 
MVPA 
SB 
TIB 
TST 
 
49.100 
-.043 
-.952 
-.059 
-.021 
.003 
-.013 
 
11.389 
.046 
1.197 
.023 
.008 
.013 
.019 
 
-.138 
-.101 
-.322* 
-.379* 
.043 
-.143 
 
.065 
 
Model 10 
Constant 
Age  
Gender 
MVPA 
SB 
TIB 
TST 
Energy Intake 
 
49.117 
-.043 
-.955 
-.059 
-.021 
.003 
-.013 
-.000 
 
11.599 
.047 
1.231 
.024 
.008 
.013 
.020 
.001 
 
 
-.138 
-.102 
-.322* 
-.380* 
.043 
-.143 
-.001 
.051 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
107 
 
Associations between lifestyle behaviours and fat percentage 
 
The combined effects of the lifestyle behaviours on fat percentage are shown in Table 4.6.  
The behavioural factors as well as gender and age entered into the multiple regression 
models explained up to 55.7% of the variance in this outcome.  As would be expected the 
results suggest that gender is a significant factor in all of the models and this accounts for 
most of the variance explained in body fat percentage by the models (approximately 49%).  
SB showed consistently significant associations with fat percentage, after adjusting for other 
relevant non co-linear behavioural factors, as well as gender and age.  When added into 
models alongside SB, MVPA also showed significant associations with fat percentage.  In 
models 1 to 6, gender was the only variable to have a significant association with fat 
percentage.  However, in model 7, when SB was included and age and gender were 
controlled for, SB had a significant effect on fat percentage.  On average, for every 1 SD 
increase in SB, this is associated with a decrease of 0.24 of a SD in fat percentage.  As SB was 
entered into model 7, the association with MVPA became significant, with an increase in 1 
SD in MVPA being associated with a decrease of 0.23 of a SD in fat percentage.  This model 
accounted for the most variance in fat percentage (55.7%).  When TIB, TST and energy 
intake were added to the subsequent models, the effect of SB and MVPA on fat percentage 
remained significant, however, TIB, TST and energy intake appeared to have no significant 
association with fat percentage. 
 
As gender has such a large effect on body fat percentage, these models were run separately 
for both males and females.  The results for females did not differ from those of the whole 
sample.  However, in males MVPA was a significant predictor of fat percentage in models 3 
and 7.  In model 3, when entered with LIPA, MVPA was a significant predictor of fat 
percentage (β = -0.410, p < 0.05), with the model accounting for 19.1% of variance in fat 
percentage.  In model 7, when entered with SB, MVPA was a significant predictor of fat 
percentage (β = -0.511, p < 0.05), with the model accounting for 23.2% of variance in fat 
percentage.  Otherwise, findings were consistent with those observed for the overall 
sample. 
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TABLE 4.6. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH FAT %AGE. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED 
BETA AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001 
Fat Percentage Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 1 
Constant 
Age 
Gender 
 
3.013 
.089 
13.216 
 
3.276 
.058 
1.736 
 
 
.134 
.666*** 
.492 
Model 2 
Constant 
Age  
Gender 
MVPA 
 
6.864 
.091 
12.372 
-.060 
 
3.857 
.057 
1.770 
.033 
 
 
.137 
.623*** 
-.157 
.509 
 
Model 3 
Constant 
Age  
Gender 
MVPA 
LIPA 
 
2.133 
.034 
12.640 
-.057 
.022 
 
4.570 
.064 
1.745 
.033 
.012 
 
 
.051 
.637*** 
-.149 
.173 
.526 
 
Model 4 
Constant 
Age 
Gender 
MVPA 
LIPA 
TIB 
 
-9.138 
.034 
12.640 
-.057 
.024 
.021 
 
8.450 
.067 
1.769 
.032 
.012 
.013 
 
 
.100 
.606*** 
-.141 
.185 
.140 
.536 
 
Model 5 
Constant 
Age 
Gender 
MVPA 
LIPA 
TIB 
TST 
 
-14.184 
.091 
11.723 
-.057 
.022 
.002 
.034 
 
9.230 
.069 
1.774 
.032 
.012 
.019 
.025 
 
 
.137 
.591*** 
-.149 
.172 
.014 
.176 
.541 
 
Model 6 
Constant 
Age 
Gender 
MVPA 
LIPA 
TIB 
TST 
Energy Intake 
 
-13.708 
.086 
11.531 
-.053 
.023 
.003 
.035 
-.001 
 
9.324 
.070 
1.820 
.033 
.012 
.019 
.026 
.001 
 
 
.129 
.581*** 
-.138 
.177 
.020 
.182 
-.049 
.536 
 
Model 7 
Constant 
Age 
Gender 
MVPA 
SB 
 
28.663 
.063 
11.960 
-.087 
-.028 
 
8.326 
.055 
1.686 
.033 
.010 
 
 
.095 
.602*** 
-.226* 
-.243** 
.557 
 
Model 8 
Constant 
Age  
Gender 
MVPA 
SB 
TIB 
 
24.020 
.076 
11.791 
-.084 
-.026 
.006 
 
13.069 
.062 
1.734 
.033 
.010 
.014 
 
 
.115 
.594*** 
-.220* 
-.229* 
.043 
.552 
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TABLE 4.6. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH FAT %AGE. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED 
BETA AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001 (CONTINUED) 
Fat Percentage Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 9 
Constant 
Age  
Gender 
MVPA 
SB 
TIB 
TST 
 
20.059 
.087 
11.699 
-.083 
-.024 
.001 
.011 
 
16.764 
.068 
1.762 
.034 
.012 
.019 
.029 
 
 
.130 
.589*** 
-.216* 
-.210* 
.009 
.057 
.546 
 
Model 10 
Constant 
Age  
Gender 
MVPA 
SB 
TIB 
TST 
Energy Intake 
 
21.366 
.082 
11.507 
-.080 
-.025 
.002 
.012 
-.001 
 
17.034 
.069 
1.808 
.035 
.012 
.019 
.029 
.001 
 
 
.123 
.580*** 
-.207* 
-.215* 
.015 
.060 
-.048 
.541 
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Associations between lifestyle behaviours and waist circumference 
 
The combined effects of the lifestyle behaviours on waist circumference are shown below in 
Table 4.7.  When WC was the dependent variable, behaviours entered into the models 
accounted for up to 20.7% of the variance in waist measurements.  In every model, gender 
was significantly associated with WC.  SB and MVPA showed consistently significant effects 
on BMI, after adjusting for other relevant non co-linear behavioural factors, as well as 
gender and age.  LIPA, TIB, TST and energy intake repeatedly showed no significant 
association with WC. 
 
When MVPA was added in model 3, the model accounted for 18.4% of the variance in WC.  
On average, an increase of 1 SD in MVPA, is associated with a reduction of 0.23 SD in WC.  
When LIPA, TIB, TST and energy intake were added, they appeared to have no significant 
additional association with WC, and the effects of MVPA remained significant.  When SB was 
added in model 7, the model accounted for 20.7% of the variance in WC.  On average, an 
increase of 1 SD in SB, is associated with a reduction of 0.26 SD in WC.  When TIB, TST and 
energy intake were added, they appeared to have no significant additional associations with  
WC, and the associations with MVPA and SB remained significant. 
 
As gender has such a large effect on waist circumference, these models were run separately 
for both males and females.  When looking at males and females separately, no variables 
entered into the models significantly predicted waist circumference.  However, as the 
sample sizes were smaller this will affect the power to detect significant effects relative to 
the whole sample. 
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TABLE 4.7. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH WC. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED BETA 
AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001 
Waist 
Circumference 
Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 1 
Constant 
Age 
Gender 
 
95.996 
.106 
-9.181 
 
5.209 
.093 
2.761 
 
 
.132 
-.384 
.114 
Model 2 
Constant 
Age  
Gender 
MVPA 
 
102.921 
.109 
-10.698 
-.108 
 
6.093 
.090 
2.795 
.052 
 
 
.136 
-.448*** 
-.234* 
.154 
 
Model 3 
Constant 
Age  
Gender 
MVPA 
LIPA 
 
95.452 
.020 
-10.275 
-.104 
.035 
 
7.219 
.101 
2.756 
.052 
.019 
 
 
.025 
-.430*** 
-.224* 
.227 
.184 
 
Model 4 
Constant 
Age 
Gender 
MVPA 
LIPA 
TIB 
 
85.044 
.050 
-10.840 
-.101 
.036 
.019 
 
13.512 
.107 
2.829 
.052 
.019 
.021 
 
 
.062 
-.452*** 
-.218* 
.236 
.108 
.181 
 
Model 5 
Constant 
Age 
Gender 
MVPA 
LIPA 
TIB 
TST 
 
80.584 
.071 
-11.110 
-.104 
.035 
.003 
.030 
 
14.897 
.111 
2.863 
.052 
.019 
.031 
.041 
 
 
.089 
-.465*** 
-.224* 
.226 
.015 
.129 
.176 
 
Model 6 
Constant 
Age 
Gender 
MVPA 
LIPA 
TIB 
TST 
Energy Intake 
 
81.013 
.066 
-11.283 
-.100 
.036 
.003 
.031 
-.001 
 
15.071 
.113 
2.941 
.054 
.019 
.031 
.042 
.002 
 
 
.083 
-.472*** 
-.215* 
.230 
.020 
.134 
-.037 
.164 
 
Model 7 
Constant 
Age 
Gender 
MVPA 
SB 
 
131.174 
.074 
-11.232 
-.143 
-.036 
 
13.420 
.089 
2.717 
.053 
.015 
 
 
.092 
-.470*** 
-.309** 
-.262* 
.207 
 
Model 8 
Constant 
Age  
Gender 
MVPA 
SB 
TIB 
 
132.023 
.071 
-11.201 
-.143 
-.037 
-.001 
 
21.099 
.100 
2.800 
.054 
.017 
.022 
 
 
.089 
-.469*** 
-.309** 
-.264* 
-.007 
.195 
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TABLE 4.7. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH WC. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED BETA 
AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001 (C0NTINUED) 
Waist 
Circumference 
Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 9 
Constant 
Age  
Gender 
MVPA 
SB 
TIB 
TST 
 
134.019 
.066 
-11.154 
-.144 
-.038 
.001 
-.005 
 
27.092 
.110 
2.848 
.055 
.019 
.031 
.046 
 
 
.082 
-.467*** 
-.311** 
-.272* 
.008 
-.024 
.183 
 
Model 10 
Constant 
Age  
Gender 
MVPA 
SB 
TIB 
TST 
Energy Intake 
 
135.176 
.062 
-11.324 
-.141 
-.038 
.002 
-.005 
-.001 
 
27.571 
.112 
2.927 
.056 
.019 
.031 
.047 
.002 
 
 
.077 
-.474*** 
-.304* 
-.276* 
.012 
-.021 
-.035 
.171 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
113 
 
Associations between lifestyle behaviours and blood pressure 
 
The combined effects of the lifestyle behaviours on systolic blood pressure are shown below 
in Table 4.8 and the effects on diastolic blood pressure are shown in Table 4.9.  When blood 
pressure measures were the dependent variables in multiple regression models, smoking 
status (current smoker/non-smoker) was added as a controlling factor in addition to age and 
gender.   
 
 
For systolic blood pressure, the lifestyle behaviours accounted for up to 47.9% of the 
variance in systolic blood pressure, however, most of this variance was accounted for by 
age, gender and smoking status (46.5%).  MVPA, LIPA, SB, TIB, TST and energy intake had no 
significant additional associations with systolic BP. 
 
 
For DBP, lifestyle behaviours entered into the regression models accounted for a maximum 
of 32.7% of the variance shown.  However, similar to SBP, age, gender and smoking status 
accounted for the majority of the variance in diastolic BP, 24.4%.  MVPA, TIB, TST and 
energy intake had no significant association with DBP.  When LIPA and SB were included into 
the models they showed a significant association with DBP.  On average, an increase of 1 
standard deviation in LIPA, is associated with an increase of 0.32 standard deviations in DBP.   
When TIB, TST and energy intake were added to the models with LIPA, they were not 
significantly associated with DBP, but LIPA remained significant.  Additionally, on average, 
an increase of 1 standard deviation in SB is associated with a significant decrease of 0.32 of 
a standard deviation in DBP.  As with LIPA, when TIB, TST and energy intake were added to 
the models with SB, there appeared to be no significant additional associations with DBP 
variation, but the effects of SB remained significant. 
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TABLE 4.8. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH SBP. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED BETA 
AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001 
Systolic BP Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 1 
Constant 
Age 
Gender 
Smoking status 
 
178.751 
.279 
-8.575 
-26.689 
 
10.568 
.132 
3.830 
4.416 
 
 
.202* 
-.208* 
-.566*** 
.465 
Model 2 
Constant 
Age  
Gender 
Smoking status 
MVPA 
 
179.558 
.286 
-9.106 
-26.118 
-.029 
 
10.850 
.134 
4.105 
4.697 
.076 
 
 
.207* 
-.221* 
-.554*** 
-.036 
.458 
Model 3 
Constant 
Age  
Gender 
Smoking status 
MVPA 
LIPA 
 
169.582 
.184 
-8.788 
-25.473 
-.026 
.042 
 
12.388 
.146 
4.062 
4.659 
.076 
.026 
 
 
.133 
-.213* 
-.540*** 
-.033 
.159 
.470 
Model 4 
Constant 
Age 
Gender 
Smoking status 
MVPA 
LIPA 
TIB 
 
151.191 
.239 
-9.852 
-25.160 
-.023 
.045 
.033 
 
20.415 
.154 
4.161 
4.658 
.075 
.026 
.029 
 
 
.173 
-.239* 
-.534*** 
-.029 
.169 
.107 
.473 
Model 5 
Constant 
Age 
Gender 
Smoking status 
MVPA 
LIPA 
TIB 
TST 
 
151.404 
.238 
-9.839 
-25.164 
-.023 
.045 
.033 
-.001 
 
22.387 
.161 
4.231 
4.696 
.076 
.027 
.043 
.057 
 
 
.172 
-.239* 
-.534*** 
-.029 
.169 
.110 
-.003 
.464 
Model 6 
Constant 
Age 
Gender 
Smoking status 
MVPA 
LIPA 
TIB 
TST 
Energy Intake 
 
155.772 
.198 
-10.762 
-25.970 
.007 
.049 
.039 
.005 
-.004 
 
22.385 
.162 
4.240 
4.687 
.078 
.027 
.043 
.057 
.003 
 
 
.143 
-.261* 
-.551*** 
.009 
.183 
.129 
.013 
-.143 
.474 
Model 7 
Constant 
Age 
Gender 
Smoking status 
MVPA 
SB 
 
210.879 
.254 
-10.010 
-25.166 
-.074 
-.042 
 
19.382 
.132 
4.051 
4.630 
.078 
.022 
 
 
.184 
-.234* 
-.534*** 
-.092 
-.176 
.479 
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TABLE 4.8. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH SBP. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED BETA 
AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001  (CONTINUED) 
Systolic BP Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 8 
Constant 
Age  
Gender 
Smoking status 
MVPA 
SB 
TIB 
 
203.086 
.276 
-10.300 
-25.141 
-.070 
-.039 
.011 
 
29.916 
.147 
4.165 
4.662 
.080 
.023 
.031 
 
 
.200 
-.250* 
-.533*** 
-.087 
-.165 
.035 
.472 
Model 9 
Constant 
Age  
Gender 
Smoking status 
MVPA 
SB 
TIB 
TST 
 
219.975 
.232 
-9.911 
-25.126 
-.075 
-.048 
.032 
-.046 
 
38.014 
.160 
4.214 
4.679 
.080 
.027 
.042 
.064 
 
 
.168 
-.241* 
-.533*** 
-.094 
-.203 
.105 
-.117 
.468 
Model 10 
Constant 
Age  
Gender 
Smoking status 
MVPA 
SB 
TIB 
TST 
Energy Intake 
 
228.876 
.194 
-10.834 
-25.933 
-.049 
-.051 
.037 
-.043 
-.004 
 
38.168 
.160 
4.225 
4.671 
.082 
.026 
.042 
.064 
.003 
 
 
.140 
-.262* 
-.550*** 
-.061 
-.216 
.122 
-.108 
-.142 
.477 
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TABLE 4.9. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH DBP. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED BETA 
AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001 
Diastolic BP Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 1 
Constant 
Age 
Gender 
Smoking status 
 
93.538 
.252 
-.856 
-11.834 
 
8.351 
.104 
3.026 
3.489 
 
 
.274* 
-.031 
-.377** 
.244 
Model 2 
Constant 
Age  
Gender 
Smoking status 
MVPA 
 
92.028 
.239 
.137 
-12.902 
.054 
 
8.532 
.105 
3.228 
3.693 
.060 
 
 
.261* 
.005 
-.411** 
.101 
.242 
Model 3 
Constant 
Age  
Gender 
Smoking status 
MVPA 
LIPA 
 
78.667 
.103 
.64 
-12.039 
.057 
.057 
 
9.371 
.111 
3.073 
3.525 
.057 
.020 
 
 
.112 
.021 
-.384** 
.107 
.321** 
.314 
Model 4 
Constant 
Age 
Gender 
Smoking status 
MVPA 
LIPA 
TIB 
 
62.718 
.151 
-.359 
-11.768 
.059 
.059 
.028 
 
15.395 
.116 
3.138 
3.512 
.057 
.020 
.022 
 
 
.164 
-.013 
-.375** 
.112 
.333** 
.140 
.322 
Model 5 
Constant 
Age 
Gender 
Smoking status 
MVPA 
LIPA 
TIB 
TST 
 
64.203 
.13 
-.265 
-11.793 
.060 
.060 
.034 
-.010 
 
16.875 
.121 
3.189 
3.540 
.057 
.020 
.032 
.043 
 
 
.156 
-.010 
-.376** 
.114 
.336** 
.166 
-.036 
.312 
Model 6 
Constant 
Age 
Gender 
Smoking status 
MVPA 
LIPA 
TIB 
TST 
Energy Intake 
 
64.313 
.142 
-.288 
-11.813 
.061 
.060 
.034 
-.009 
.000 
 
17.160 
.124 
3.250 
3.593 
.060 
.020 
.033 
.043 
.002 
 
 
.155 
-.011 
-.377** 
.115 
.337** 
.167 
-.036 
-.005 
.301 
Model 7 
Constant 
Age 
Gender 
Smoking status 
MVPA 
SB 
 
129.586 
.202 
-.946 
-11.761 
-.000 
-.050 
 
14.657 
.100 
3.063 
3.501 
.059 
.016 
 
 
.220 
-.035 
-.375** 
.000 
-.318** 
.326 
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TABLE 4.9. ASSOCIATIONS OF BEHAVIOUR VARIABLES WITH DBP. NONSTANDARDISED COEFFICIENTS WITH SE, STANDARDISED BETA 
AND R2 VALUES.  ASTERISKS DENOTE LEVELS OF STATISTICAL SIGNIFICANCE: * P < 0.05, ** P < 0.01, *** P < 0.001 (CONTINUED) 
Diastolic BP Nonstandardised  
B 
Standard  
Error 
Standardised  
β 
 Adjusted 
 R
2 
Model 8 
Constant 
Age  
Gender 
Smoking status 
MVPA 
SB 
TIB 
 
129.761 
.201 
-.940 
-11.762 
.000 
-.050 
.000 
 
22.644 
.111 
3.152 
3.529 
.060 
.018 
.023 
 
 
.219 
-.034 
-.375** 
.000 
-.318** 
-.001 
.316 
Model 9 
Constant 
Age  
Gender 
Smoking status 
MVPA 
SB 
TIB 
TST 
 
154.965 
.136 
-.359 
-11.70 
-.009 
-.064 
.031 
-.069 
 
28.431 
.119 
3.152 
3.500 
.060 
.020 
.032 
.048 
 
 
.148 
-.013 
-.374** 
-.016 
-.404** 
.156 
-.263 
.327 
Model 10 
Constant 
Age  
Gender 
Smoking status 
MVPA 
SB 
TIB 
TST 
Energy Intake 
 
155.111 
.135 
-.374 
-11.753 
-.008 
-.064 
.032 
-.069 
.000 
 
29.027 
.122 
3.213 
3.552 
.062 
.020 
.032 
.048 
.002 
 
 
.147 
-.014 
-.373** 
-.015 
-.404** 
.156 
-.263 
-.003 
.316 
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Day of the Week Analysis 
For the day of the week analyses, participants who did not complete all 7 days of monitoring 
were excluded.  Table 4.10 displays the characteristics of the participants who did not 
provide 7 days of data and were therefore excluded from the day of the week variance 
analysis.  Therefore the sample for the day of the week analyses consisted of 52 individuals; 
Table 4.11 displays the characteristics of these individuals by gender.  Independent t-tests 
were used to identify if there were any significant differences between the included 
participants and those who were excluded on the basis of not providing 7 days of data.  
When comparing those who were included in day of the week analysis and those who were 
not, the two groups only differed in age (t(70) = 2.316, p < 0.05) with the included 
participants being significantly older (included: 41.5 ± 14.0 v excluded: 33.0 ± 13.6).  There 
were no significant differences in terms of height (t(70) = 0.701, p = 0.486),  weight (t(70) = 
0.972, p = 0.335), BMI (t(70) = 0.777, p = 0.440), fat percentage (t(70) = 0.733, p = 0.466), 
WC (t(70) = 0.884, p = 0.380), SBP (t(70) = 0.015, p = 0.988) or DBP (t(70) = 0.873, p = 0.386). 
 
Independent t-tests demonstrated that there were some gender differences within the 
included participants.  Unsurprisingly, average height (t(50) = 7.337, p < 0.001), weight (t(50) 
= 3.801, p < 0.001) and WC (t(50) = 2.527, p < 0.05) were greater in males in comparison to 
females and fat percentage was significantly higher in females in comparison to males (t(50) 
= 7.557, p < 0.001).  In this sample, there were no significant gender differences in terms of 
age (t(50) = 1.440, p = 0.156), BMI (t(50) = 0.150, p = 0.881), SBP (t(50) = 1.739, p = 0.088) 
and DBP (t(50) = 0.081, p = 0.936). 
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TABLE 4.10. SAMPLE CHARACTERISTICS OF THE 20 PATICIPANTS WHO DID NOT PROVIDE 7 FULL DAYS OF DATA AND 
WERE THEREFORE EXCLUDED FROM DAY OF THE WEEK VARIANCE ANALYSIS.  ASTERISKS DENOTE LEVEL OF SIGNIFICANT 
GENDER DIFFERENCES (* P < 0.05, ** P < 0.01, ***P < 0.001) 
  Male Female Total Sample 
Age  
(mean yrs ± SD) 
 28.6 ± 9.9 36.6 ± 15.4 33.0 ± 13.6 
Height  
(mean cm ± SD) 
*** 178.3 ± 8.8 166.3 ± 7.4 171.7 ± 9.9 
Weight  
(mean kg ± SD) 
*** 83.4 ± 14.8 70.9 ± 17.1 76.5 ± 16.9 
BMI 
(mean ± SD) 
 26.2 ± 4.3 25.7 ± 6.5 25.9 ± 5.5 
Fat Percentage  
(mean ± SD) 
*** 19.9 ± 7.8 32.9 ± 9.0 27.0 ± 10.6 
Waist circumference 
(mean cm ± SD) 
* 92.1 ± 12.2 82.6 ± 13.9 86.9 ± 13.7 
Systolic Blood Pressure 
(mean mmHg ± SD) 
 135.2 ± 21.6 122.1 ± 23.2 128.0 ± 22.9 
Diastolic Blood Pressure 
(mean mmHg ± SD) 
 81.1 ± 15.3 76.8 ± 16.3 78.8 ± 15.6 
Occupation  
(% white collar: % blue collar) 
 78 : 22 
(n= 7 : 2) 
82 : 18 
(n = 9 : 2) 
80 : 20 
(n= 16 : 4) 
 
TABLE 4.11. SAMPLE CHARACTERISTICS OF THE 52 PATICIPANTS WHO PROVIDED 7 DAYS OF DATA AND INCLUDED IN 
DAY OF THE WEEK VARIANCE ANALYSIS.  § DENOTES A SIGNIFICANCE DIFFERENCE (P < 0.05) BETWEEN THOSE 
PARTICIPANTS WHO WERE INCLUDED AND THOSE WHO WERE EXCLUDED 
 Male Female Total Sample 
Age         § 
(mean yrs ± SD) 
37.3 ± 12.3 43.3 ±14.5 
 
41.5 ± 14.0  
Height  
(mean cm ± SD) 
181.8 ± 8.5 164.3 ± 7.7 169.7 ± 11.3 
Weight  
(mean kg ± SD) 
83.4 ± 13.1 67.5 ± 14.3 72.4 ± 15.7 
BMI 
(mean ± SD) 
25.2 ± 2.8 25.0 ± 4.6 25.0 ± 4.1 
Fat Percentage  
(mean ± SD) 
18.9 ± 3.9 33.3 ± 7.1 28.9 ± 9.1 
Waist circumference 
(mean cm ± SD) 
89.5 ± 7.0 81.9 ± 11.1 84.2 ± 10.5 
Systolic Blood Pressure 
(mean mmHg ± SD) 
134.7 ± 12.3 125.1 ± 20.3 128.1 ± 18.6 
Diastolic Blood Pressure 
(mean mmHg ± SD) 
81.6 ± 10.9 81.9 ± 12.8 81.8 ± 12.1 
Occupation  
(% white collar: % blue collar) 
75 : 25 
(n= 12 : 4) 
69 : 31 
(n = 25 : 11) 
71 : 29 
(n= 37 : 15) 
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Paired sample t-tests were performed to ascertain if there were any differences in mean 
time spent in different intensities of PA, or time in SB, TIB and TST on weekdays compared 
to weekend days.  Figure 4.4 displays the mean times spent in these behaviour on weekdays 
and weekend days.  It was revealed that mean time spent in LIPA on weekdays (281.5 ± 78.1 
mins/day) was significantly lower than time spent doing LIPA over weekend days (317.8 ± 
83.1 mins/day, t(51) = 4.41, p < 0.001).  There were no significant differences in the mean 
time spent in MVPA on weekdays (40.3 ± 23.8 mins/day) and weekend days (46.4 ± 29.4 
mins/day, t(51) = 1.77, p = 0.082).  Mean time spent in SB on a weekend day (643.7 ± 104.2 
mins/day) was significantly lower than on a weekday (690.3 ± 78.4 mins/day, t(51) = 3.82, p 
< 0.001).  For time spent in bed and sleep duration, there were no significant differences in 
TIB on weekdays (496.9 ± 59.1 mins/night) when compared with weekend days (507.6 ± 
90.6 mins/night, t(51) = 1.17, p = 0.246) or with TST on weekdays (427.9 ± 48.4 mins/night) 
when compared with weekend days (432.1 ± 74.8 mins/night, t(51) = 0.46, p = 0.647).   
 
 
FIGURE 4.4. MEAN MINUTES/DAY SPENT IN LIPA, MVPA, SB, TIB AND TST DURING THE WEEK (MONDAY-FRIDAY) AND 
OVER THE WEEKEND (SATURDAY-SUNDAY), ASTERISKS DENOTE STATISTICAL SIGNIFICANCE: *P < 0.05, ** P < 0.01, *** P 
< 0.001 
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To investigate further how activity changes throughout the week, repeated measures 
ANOVAs were conducted.  These were applied to LIPA, MVPA, SB, TIB and TST.  Due to the 
nature of the FFQ, it was not possible to identify daily changes in eating patterns.  FFQs 
provide an estimation of habitual eating patterns; the tool does not break down 
consumption into individual days or weekday and weekends. Figure 4.5 shows the mean 
time spent in each of these behaviours on each day of the week.  The repeated measures 
ANOVAs established significant differences in time spent in LIPA, SB and TIB on different 
days of the week.  Due to the large spread of minutes spent in each behaviour, subsequent 
figures (4.6, 4.7, 4.8, 4.9 and 4.10) demonstrate each behaviour individually for each day of 
the week and demonstrate where these differences lie.  
 
 
FIGURE 4.14. MEAN MINUTES/DAY SPENT IN LIPA, MVPA, SB, TIB AND TST ON EACH DAY OF THE WEEK TO 
DEMONSTRATE HOW BEHAVIOURS FLUCTUATE OVER DAYS OF THE WEEK.   
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Mean time in LIPA on each day of the week is displayed for both males and females in Figure 
4.6.  Repeated measures ANOVAs revealed significant differences in time spent in LIPA on 
different days of the week (F(4.592, 229.576) = 5.235, p < 0.001).  There was no significant 
gender interaction (F(4.592, 229.576) = 0.878, p = 0.511) or gender effect (F(1, 50) = 0.810, p 
= 0.373) for time spent in LIPA.  Bonferroni corrected post hoc analyses using paired 
sampled t-tests revealed that mean time spent in LIPA for the whole sample was 
significantly lower on Wednesday (264.6 ± 87.1 mins/day) when compared with Saturday 
(312.2 ± 98.4 mins/day, t(51) = -4.54, p < 0.002) and Sunday (323.4 ± 97.3 mins/day, t(51) = -
3.94, p < 0.002).   
   
 
FIGURE 4.15. MEAN MINUTES IN LIPA FOR EACH DAY OF THE WEEK FOR MALES AND FEMALES WITH STANDARD ERROR 
BARS 
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Figure 4.7 displays mean time spent in SB on each day of the week for males and females. A 
repeated measures ANOVA revealed significant differences in mean time spent in SB on 
different days of the week (F(4.720, 236.022) = 4.254, p < 0.001).  There was no significant 
gender interaction (F(4.720, 236.022) = 0.393 p = 0.844) or main gender effect for time 
spent in SB.  Bonferroni corrected post hoc testing revealed that mean time spent in SB for 
the whole sample was significantly lower on a Sunday (620.1 ± 130.1 mins/day) when 
compared with Tuesday (693.1 ± 120.0 mins/day, t(51) =3.52, p < 0.002), Wednesday (708.3 
± 99.4 mins/day, t(51) = 4.40, p < 0.002), Thursday (698.1 ± 113.0 mins/day, t(51) = 3.93, p < 
0.002) and Friday (686.4 ± 111.7 mins/day, t(51) = 3.38, p < 0.002). 
 
 
FIGURE 4.16. MEAN MINUTES SPENT IN SB FOR ACH DAY OF THE WEEK FOR MALES AND FEMALES WITH STANDARD 
ERROR BARS 
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Figure 4.8 shows minutes spent in bed for each day of the week for males and females.  A 
repeated measure ANOVA revealed significant daily variations in mean time spent in bed 
(F(6, 300) = 3.813, p < 0.001).  There was no significant gender interaction (F(6, 300) = 1.114, 
p = 0.354) or main gender effect (F(1, 50) = 0.675, p = 0.415).  Bonferroni corrected post hoc 
paired samples t-tests identified that time spent in bed on Sundays (530.8 ± 116.8 
mins/night) was significantly higher than time spent in bed on Thursday (485.4 ± 67.9 
mins/night, t(51) = 3.207, p < 0.002), Friday (484.3 ± 71.1 mins/night, t(51) = 3.197, p < 
0.002) and Saturday (484.5 ± 82.0 mins/night, t(51) = 3.760, p < 0.002). 
 
 
 
FIGURE 4.17. MEAN MINUTES SPENT IN BED FOR EACH DAY OF THE WEEK FOR MALES AND FEMALES WITH STANDARD 
ERROR BARS 
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Figures 4.9 and 4.10 display minutes spent in MVPA and TST, respectively, for each day of 
the week for both males and females.  Repeated measures ANOVAs did not find significant 
daily differences for MVPA (F(6, 300) = 1.370, p = 0.227) or sleep duration (F(4.732, 236.591) 
= 2.280, p = 0.051).  However, as displayed on the graphs below (Figures 4.9), there is a 
tendency for MVPA to be higher over the weekend when compared with week days.  
Though not significant, it appears that people tend to sleep for longer hours on a Sunday 
and Monday (Figure 4.10).  The repeated measures ANOVAs revealed that there were no 
gender interactions for time spent in MVPA (F(6, 300) = 1.526, p = 0.158) or sleep duration 
(F(4.732, 236.591) = 0.595, p = 0.694) or a main gender effect for sleep duration (F(1, 50) = 
0.852, p = 0.360).  However, there appeared to be a main gender effect for time spent in 
MVPA (F(1, 50) = 8.355, p < 0.01) implying that males and females spent significantly 
different amounts of time in MVPA.  Independent t-tests reported that men spent 
significantly more time in MVPA on Tuesday (t(50) = 2.243, p < 0.05), Wednesday (t(50) = 
2.650, p < 0.05), Thursday (t(50) = 2.807, p < 0.01) and Saturday (t(50) = 2.798, p < 0.01) in 
comparison to women. 
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FIGURE 4.18. MEAN MINUTES SPENT IN MVPA FOR EACH DAY OF THE WEEK FOR MALES AND FEMALES WITH STANDARD 
ERROR BARS 
 
 
 
FIGURE 4.10. MEAN MINUTES SPENT ASLEEP FOR EACH DAY OF THE WEEK FOR MALES AND FEMALES WITH STANDARD 
ERROR BARS 
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Discussion 
The present study is the first of its kind to monitor multiple lifestyle behaviours in a sample 
of UK adults.  This study further investigates SB by monitoring time in bed and sleep 
duration, a feature of SB which is often overlooked despite evidence linking these 
behaviours to health outcomes 143, 145.  The data from the initial monitoring period examined 
the effect of these multiple lifestyle behaviours (LIPA, MVPA, SB, TIB, TST and energy intake) 
on risk indicators for disease.  The study also examined any day-to-day variation in PA, SB 
and sleep.   
 
A total of 95 participants were recruited to participate in the longitudinal study monitoring 
LIPA, MVPA, SB, sleep and diet.  Of the 95 recruited, a total of 72 participants (64% female) 
fully complied to the protocol and completed their initial monitoring period.  The attrition in 
this study is much greater in comparison to the feasibility study conducted prior to the 
longitudinal study.  In the feasibility study, 19 participants followed the exact protocol to the 
participants in the current study and just 1 participant withdrew.  The principal difference 
was that the participants recruited for the feasibility study were known associates of the 
researcher (for instance coming from the same school within the university) and were 
potentially more inclined to complete what was asked of them because of this.   
 
The longitudinal sample were aged between 19-64 years with an average age of 39 years, an 
average borderline overweight BMI of 25.2 kg/m2 and average “normal” BP of 128.1/80.9 
mmHg.  Men’s average fat percentage was 19.3%, an acceptable, healthy percentage 
according to the World Health Organization 425 and National Institutes of Health 
recommendations 114.  The female’s had an average body fat percentage of 33.2% which is 
also classified as a healthy amount for women of the average age in this sample 114.  
Therefore, the sample who completed the initial monitoring period were a healthy sample 
of UK adults. 
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When looking at the participants’ behaviour, it appeared that they were an active sample.  
The Health Survey for England (2008) used accelerometry for the first time to estimate 
activity levels and found that on average men spent 31 minutes/day in MVPA and women 
just 24 minutes.  However, the sample of men in this study spent, on average, 51 
minutes/day in MVPA, with the women averaging 37 minutes/day.  Craig et al 76 reported 
that females completed more LIPA in comparison to men (212 minutes/day among men, 
231 minutes/day among women), similar patterns were found in this sample of UK adults, 
however women spent, on average, 291 minutes/day in LIPA and men, an average of 281 
minutes/day.  The sample recruited for this study appeared to be slightly more active than 
the sample who provided data in the Health Survey for England.  However, this sample also 
accumulated a large proportion of SB, males averaging 688 minutes/day and females 674 
minutes/day, slightly more than values reported by the Health Survey for England (males 
averaging 595 minutes/day, females averaging 584 minutes/day).  The current sample spent 
longer in each of these behaviours in comparison to the sample monitored in the Health 
Survey for England; it is possible that the current sample wore the accelerometer for longer, 
or had longer waking hours.  It is hard make definitive conclusions as the Health Survey for 
England did not report on these data.  Whilst the present study is smaller, and not based on 
a representative sample of adults, it added a further dimension by monitoring time spent in 
bed and total sleep duration.     
 
Previous studies have shown that an increase in participation in PA has resulted in 
improvements in various health outcomes 31, 40, 191, 399.  Results from the regression analyses 
from this predominantly healthy UK sample show some consistent results with this previous 
finding.  When looking at the effects of behaviours (after controlling for age, gender and 
smoking status) on poor health indicators, increases in time spent in MVPA were associated 
with improvements in waist circumference and BMI (even after controlling for SB).  This 
finding of an association between MVPA and improved health parameters is consistent with 
much of the previous literature on this topic 307, 321 and reinforces the evidence for 
government guidelines trying to promote moderate  intensity PA in the UK 86.  If people can 
increase the time they spend in MVPA, whether this is done by means of active commuting 
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or during leisure time, individuals may start to see improvements in health parameters 
which in turn could reduce their risk of developing many chronic diseases. 
 
Recent research has shown that LIPA can be beneficial for health 142, 307.  However, the 
regression analysis demonstrated that increases in time spent in LIPA are associated with 
increases in BMI, body fat and DBP in this sample.  These results contradict much of the 
previous research done which has found that there is a dose response relationship between 
PA and health and even modest increases in PA can improve health 31, 307.  The findings also 
contradict recent research conducted with accelerometers which show favourable 
associations between time spent in light intensity physical activity and health indicators 41, 
142, 227.  However, the health indicators in these studies did differ from those measured in 
the current study.  Healy et al 142 predominantly assessed the associations of physical 
activity intensities on plasma glucose, whereas Lynch et al 227 studied associations of 
objectively assessed physical activity and sedentary time with adiposity in a sample of 
breast cancer survivors.  Buman and colleagues 41 did examine the associations of physical 
activity intensities and predominantly self-reported health and psychosocial variables 
(including a self-reported measure of height and weight used to calculate BMI).  Both of 
these studies found that LIPA was inversely associated with BMI 41, 227 and waist 
circumference 227.   
 
These studies do not differ greatly from the current study, using ActiGraph accelerometers 
and using the same cut points for PA intensities.  The participants used in Buman et al’s 41 
study were older adults and were not as active as the younger individuals used in the 
current study (MVPA: men: 16 minutes/day; women: 10 minues/day; LIPA: men: 258 
minutes/day, women: 277 minutes/day) and Lynch et al 227 recruited breast cancer survivors 
who were much less active in comparison to the paticipants in this study (MVPA: 4 
minutes/day; LIPA: 270 minutes/day).  Additionally, the sample sizes used in Lynch et al’s 227 
and Buman et al’s 41 were larger, 111 and 975 participants, respectively.  In this study, there 
were only 72 participants included in the analysis resulting in a low level of power (64%), 
resulting in the possibility of type 2 errors occurring.  The larger sample sizes in previous 
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studies potentially reduce the possibility of this error being made in their analyses.  
Additionally, it may be that LIPA does not benefit already active individuals and it is more 
beneficial for individuals who do not participate in regular PA.  This has been suggested in 
previous research, that sedentary individuals may benefit from participating in modest 
amounts of PA, however, individuals who are already active only reap the benefits from 
higher intensity activity 278, 307.  This may also explain why Lynch et al 227 found significant 
health benefits for LIPA in their sample of 111 cancer survivors.  It is possible that this 
sample may have been fairly sedentary during their cancer treatment and that even modest 
increases in PA through LIPA would be a benefit to their health.   
 
In recent years there has been a growing body of evidence to suggest that increased time 
spent in SB results in increased risk of mortality and morbidity 95, 102, 182,  217, 310.  The results 
from the current study suggest that increased time spent being sedentary was associated 
with decreased DBP and body fat percentage.  These results differ to those found by Healy 
et al 146, whereby a 10% increase in SB was associated with an increase of 3.1cm in waist 
circumference.  Healy et al 146 used the same device to measure SB and used the same cut 
point, however, their sample size was much larger (169 participants).  Furthermore, in this 
study increases in TST were associated with increases in fat percentage, a finding that has 
been reported previously in studies showing longer durations (>8 hours/night) of sleep are 
related to obesity in adults 43, 225.  It may be that these effects of wake time SB and TST 
actually cancel each other out, which shows the importance of measuring multiple 
behaviours simultaneously in the same individuals.  Though a vital component of healthy 
living, sleep is a highly sedentary behaviour and is often overlooked when assessing 
sedentary behaviour associations with health.  Other than the present study, there is yet to 
be a study investigating SB and health which incorporates a measure of sleep.   
 
Though an important part of the energy balance equation, energy intake did not have a 
significant association with any of the measured health indicators.  Previous evidence has 
suggested that energy intake is sufficient enough to explain the increase in weight 
experienced in the recent past at the population level demonstrated in the UK 325 and 
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America 363.  Swinburn et al 363 used self-reported cross-sectional data.  They predicted 
changes in weight from the changes in estimated energy intakes (US food energy supply, 
adjusted for wastage and assumed to be proportional to energy intake) in US adults 
between the 1970s and 2000s. The values were then inserted into equations that relate 
energy intake to body weight derived from doubly labelled water studies. The weight 
increases predicted from the equations were compared with weight increases measured in 
representative US surveys over the same period.  Scarborough et al 325 used the same 
method but used data from 2 different time points, 1986 (n =1524) and 2000 (n =1315).  A 
limitation of these studies is the crudeness of estimating energy intake.  Food supply data, 
adjusted for wastage only estimates the food available for consumption and not actual 
consumption, therefore the estimates are overestimates of energy intake.  Additionally, the 
food availability data includes food available for consumption by children and elderly adults, 
who are likely to consume less than adult populations.  Another difference from the study 
presented in this thesis was the average BMI in these studies.  In Scarborough et al’s 325 
study the average BMI of the participants from 2000 data was slightly higher (26.7 kg/m2) 
than the participants in the current study (25.3 kg/m2).  The World Health Organization 
(WHO) 425 defined BMI cut points of >25 and >30 for overweight and obesity, respectively, 
which were based on scientific evidence of increased risk for health at BMI values >25 (WHO, 
1995).  As the current sample were just at the border of the healthy, it is possible that 
energy intake has a larger influence on heavier individuals.  It is widely acknowledged that 
self-report methods of assessing dietary intake are associated with a degree of social-
desirability and recall bias 148, 229, 414.  It may be that energy intake does have some effect, 
however, the FFQs were not completed accurately.  Additionally, the current research 
worked with a small sample size of 72 participants.  It may be that the sample is too small to 
pick up a significant association, especially when using a measure that contains a reasonable 
amount of known error.    
 
Monitoring behaviours over a 7 day period allowed analysis to be done on daily variance in 
PA, SB, TIB and TST.  The results indicate that there is daily variation in some of the 
behaviours studied. For example more LIPA appears to be conducted on the weekend, 
however, MVPA appears to remain stable throughout the week.  Additionally, SB appears to 
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be lower over the weekends, however, this may be counteracted by the apparent additional 
time spent in bed and sleeping over the weekends.  The sample for the current study are 
predominantly (74%) office based workers who work 9-5pm Monday-Friday.  Therefore, this 
pattern of behaviour is expected within a sample who spend much of their working day 
sitting, completing computer-based tasks 153, 240, 259.  Additionally, there is evidence to 
suggest that occupational PA has declined since the turn of the twentieth century 77.  
Modern day labour saving devices have significantly reduced the amount of energy 
expenditure required to complete jobs traditionally requiring high energy expenditure.  
Therefore, it is to be expected that the population is not doing as much activity during the 
working day. 
 
Previous studies have investigated daily variance in physical activity 134, 245, 259, 386, however, 
there is no research to date investigating day of the week effect in SB.  Matthews et al 245 
examined sources of variance in self-reported physical activity and found that self-reported 
MET-hours/day were significantly lower on a Sunday in both males and females in 
comparison to other days of the week.  A small study by Tudor-Locke et al 386 recruited 23 
participants to wear a pedometer over 365 consecutive days to explore variability of 
physical activity.  They found a significant day of the week effect with more steps taken on 
weekdays as compared to weekend days (10,479 v 9,091 steps/day).  Miller and Brown 259 
also used pedometers to assess daily step counts in 185 Australians and found that steps 
were significantly higher on weekdays in comparison to weekend days (9,155 v 8,200 
steps/day).  Similar findings were reported in a sample of 96 UK adults, whereby step counts 
were significantly lower on Sunday in comparison to the rest of the week 134.  Clemes et al 64 
investigated step count patterns in a sample of 86 normal weight, 91 overweight and 75 
obese individuals and demonstrated a similar finding, whereby the sample of 252 
participants exhibited significant lower step counts on a Sunday, with this reduction being 
greater in overweight and obese individuals.   
 
This study used an objective measure of PA whereby intensities of PA and SB could be 
examined over different days of the week.  As measurement methods differed from 
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previous studies, it is difficult to make direct comparisons of PA levels of the current sample 
with those in other studies.  However, this study demonstrated an increase in LIPA over the 
weekend days in comparison to the weekdays, which appears to contradict previous 
findings which imply that physical activity decreases on weekend days as step counts 
decrease 134.  When looking at the behaviours more closely, it is clear that throughout the 
working week, there are lower levels of LIPA and higher levels of SB in comparison to 
weekend days.  This is consistent with the evidence suggesting that much of the population 
spend the majority of their waking hours being sedentary at work 74, 259.  Over the weekend, 
the sample appeared to partake in less SB and increase their LIPA.  There was a tendency for 
MVPA to increase too, however, this did not reach statistical significance.   
 
There was no significant difference in mean TIB or mean TST during weekdays and weekend 
days.  However, looking at differences between the individual days, TIB was significantly 
higher on Sundays, when compared with Thursday, Friday and Saturday.  Although the 
mean TST was higher on a Sunday when compared with the rest of the week, these 
differences were not statistically significant.  Nevertheless, this study does demonstrate that 
whilst waking time SB may be lower on Sunday, people spend more TIB potentially being 
just as sedentary, but in a different form, i.e. lying down potentially with the intention of 
sleep instead of sitting down/standing still during weekdays.  Recovering from busy 
weekends and preparing for the working week ahead may be the explanation for this 
increased time spent in bed on a Sunday.  Hamilton et al 134 found that there was a 
significant decrease in step counts on a Sunday when compared with the rest of the week.  
This appears to contradict what was found in this study, which found that SB decreased over 
the weekend and LIPA increased.  This study shows the importance of measuring multiple 
behaviours simultaneously, as it may be that the increased TIB on a Sunday counteracts the 
reduced wake time SB.  This may explain why Hamilton et al 134 found that step counts 
decreased on a Sunday, because people are spending significantly more time in bed but less 
time in out of bed SB. 
 
 
 
134 
 
There are limited data available comparing weekday and weekend day sleep durations, 
however, there are survey data from the USA (2002 Sleep in America Poll 270) which have 
suggested that American adults sleep, on average, 6.9 hours/night on weekdays and 7.5 
hours/night on weekends.  These data were based on 1010 adults aged 18 years and older 
and were collected by random telephone survey.  The available GB data, with regard to 
amount of sleep, are dated and unrepresentative.  A pioneering study by Tune 388 collected 
sleep diaries of 509 British adults over the course of some 50 days and reported an average 
sleep duration of 7.6 hours/night.  A later study by Hume et al 169 recorded sleep duration in 
a field study of the sleep patterns on four consecutive nights of 52 British adults. Using 
Electroencephalography (EEG), their results showed that male and female participants slept 
for similar durations (7.3 and 7.1 hours/night, respectively) and that sleep duration was 
stable across consecutive nights.  However, neither of these studies contrasted sleep 
duration over weekdays and weekend days, nor identified time spent in bed.  Groeger et al 
124 aimed to update this research and did provide data on weekday and weekend day sleep 
duration in a sample of 1997 UK adults.  There were no significant differences between 
weekday and weekend sleep duration, however, participants did record sleeping slightly 
more over weekends in comparison to weekdays (7.2 v 6.9 hours/night, respectively), 
findings that were comparable to the current study (7.2 v 7.1 hours/night, respectively).  
From these findings, it appears that sleep durations are very close to the recommendations 
of 7 hours/night of sleep for optimal health 6, 49, 115, 201 and more research on the time spent 
in bed, in regards to health, needs to be conducted simultaneously with other lifestyle 
behaviours. 
 
The results of this study are encouraging, however, there are some shortcomings that need 
to be addressed in further research.  This study was part of a PhD research project, 
therefore there were timing and resource limitations.  There were limited accelerometers 
available which prevented large sample sizes.  However, recruitment for the study ran for a 
full year, in order to capture as many new recruits as possible with the limited resources 
available.  Additionally, the relatively small sample was made up of healthy, active 
volunteers; it is therefore hard to indicate how generalizable these findings are.  When 
assessing associations of multiple lifestyles behaviours on poor health indicators, it is 
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necessary to have a larger sample to increase the power of the analysis as well as the 
diversity of the sample characteristics.  The small sample resulted in a power of 63% and 
therefore it is difficult to assess whether the findings in the analysis were true or in fact a 
false negative.  
 
The use of the FFQ did not allow for day of the week assessment to be conducted, due to 
the nature of data it collects.  The FFQs collect habitual estimations of dietary intake over a 
set period of time 29.  However, the main focus of the PhD thesis is not day of the week 
variations and therefore the FFQ was deemed a suitable method to collect dietary 
information in UK adults 30.  If day of the week effects on dietary intake needed to be 
assessed, a different method of dietary assessment would need to be chosen. 
 
The present study successfully identified daily variation in certain lifestyle behaviours and 
added a further dimension to previous studies by assessing PA and SB objectively with an 
accelerometer.  It is apparent from this research that LIPA, SB and TIB do change from day 
to day and this supports previous research by Trost et al 381 and Hart et al 138 suggesting that 
estimations of PA and SB should not be based on one day of monitoring and should include 
weekend days.  Further research should focus on progressing these studies by monitoring all 
of these behaviours simultaneously in larger, representative cohorts.  To attain more 
accurate results, less burdensome, objective measures of sleep assessment need to be used.  
Additionally, a more sensitive method to assess daily variations in diet needs to be 
incorporated.  However, the richness of the data and the burden placed on both the 
participant and researcher needs to be assessed before doing this.       
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Chapter 5 
Longitudinal Results 
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CHAPTER 5      LONGITUDINAL RESULTS  
This chapter looks at the results from the longitudinal study undertaken over 18 months, 
which has captured people’s physical activity (PA) levels, sedentary behaviour (SB), sleep 
and dietary intake at 4 different seasons.  The data presented in the following chapters are 
all from the same participants and forms part of the same longitudinal study.  The methods 
used to collect the data were all explained in full in the previous chapter 3.2 (pp.83-91).  
Findings from this study have been accepted for an oral presentation at the 4th International 
Congress on Physical Activity and Public Health, Sydney 2012. 
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Introduction 
It is a common understanding that regular physical activity (PA), low levels of sedentary 
behaviour (SB), sufficient sleep and a healthy diet are all beneficial for health.  The physical 
and social environment in which modern day humans exist is rapidly changing.  There have 
been vast changes in transportation 111, the workplace 288 and leisure time entertainment 
technologies 289, which have all significantly reduced the necessity for PA and significantly 
increased SBs.  With a marked increase in overweight and obesity, it appears that energy 
intake exceeds energy expenditure.   High energy intakes have been associated with higher 
fat intakes, greater intakes of energy-dense foods, including takeaway foods, higher intakes 
of foods providing ‘empty calories’ (e.g. sugar-sweetened drinks), lower intakes of foods and 
nutrients that may have appetite-controlling properties (e.g. fruit and vegetables) and meal 
patterns that interfere with the regulation of energy intakes (e.g. skipping breakfast) 34.  As 
the effects of exercise and the benefits of a healthy, balanced diet are only maintained as 
long as the PA 1, 404 and dietary intake 1, 84 are continued, there is an emphasis on regular 
and maintained PA and healthy eating patterns.  With evidence demonstrating that both SB 
and sleep duration can have an effect on health, it is vital that these behaviours are also 
monitored to identify the long term patterns of these behaviours in order to identify 
opportunities for intervention.      
 
Dannenberg and colleagues 82 have indicated that self-reported PA behaviours showed a 
seasonal trend in the United States with more PA occurring over the summer months.  
Subsequent research has investigated the relationship between PA and season further in 
the United States 247, 299 and elsewhere 300, 390.  As you would expect, given higher 
temperatures and longer daylight hours in summer, these studies found that the samples in 
Scotland 390, The Netherlands 300 and the United States 247, 299 all did significantly more PA in 
the summer months when compared with winter months.  Worringly, Plasqui and 
Westerterp 300 additionally discovered that even the most active participants in summer 
could not maintain their activity levels in winter.   
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Relying heavily on self-report measures of PA 82, 247, 299, 390 there is limited research applying 
objective measures to assess seasonal variation in PA.  A study by Tudor-Locke et al 386 
recruited 23 adults in America to self-monitor their physical activity levels every day for 1 
year using a pedometer.  Additionally, Hamilton et al 134 and Clemes and colleagues 64 have 
used pedometers to assess seasonal variation in step counts in UK adults.  Both in America 
and England, step counts appear to reduce over winter months in comparison to summer.  
As PA appears to change throughout the year, it is vital to understand these changes in PA 
behaviours and when they occur.  The present study aims to further the research conducted 
by Hamilton et al 134 and Clemes et al 64 to assess the seasonal variation of PA by monitoring 
the behaviour objectively using an accelerometer.  Using an accelerometer also allows for 
SB to be estimated objectively.  To date, there is no research specifically monitoring 
seasonal variation of wake time SB or sleep duration.  To gain a full understanding of SB, 
Healy et al 143 recommend a measurement of sleep duration to be taken.  This study adds a 
further dimension to SB research by measuring sleep duration to assess seasonal variation 
in this important behaviour. 
 
The concept of seasonal variation in nutrient intake is not a new one.  Historically, seasonal 
variations in climate affected the availability of food sources for our Palaeolithic ancestors.  
During the season of plenty, when the natural environment abounds in food sources, these 
resources were gathered in abundance to not only satisfy the immediate nutritional needs, 
but also to be stored in order to cope during the seasons of scarcity 365.  Seasonal variation 
has therefore been a topic of research both historically and in contemporary studies 46, 83, 176, 
228, 233, 333, 334, 390.  However the results relating to the evidence for seasonal variations in 
dietary intake have been inconsistent.   
 
The majority of the literature reports that daily caloric intake significantly varies throughout 
the year 89, 52, 243.  De Castro and colleagues 89 investigated seasonal variations in nutrient 
intake and meal patterns by paying 315 American adults to keep a 7-day diary of everything 
they ate during each season.  A significant seasonal variation in energy intake was observed 
with a marked increase in total caloric intake reported in the fall (autumn), associated with 
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increased meal size and rate of eating.  Capita and Alonso-Calleja 46 used 303 Spanish adults 
to assess seasonal variation in dietary intake.  Their participants reported energy intake 
twice (summer and winter) a year using a 7 non-consecutive day dietary record. It was 
observed that larger amounts of food (g) were consumed in winter in males, whilst a 
marked increase in nutrients was observed in both sexes in winter.  Ma et al 228 collected 
dietary data from 593 American adults using three 24-hour recalls (2 weekdays, 1 weekend 
day) per season.  Daily caloric intake was significantly higher in fall when compared to 
spring.  The percentage of calories from carbohydrate and fat also showed slight seasonal 
variation with a peak in carbohydrate in spring and a peak in fat during the fall.  However, 
Van Staveren and colleagues 396 used monthly 24-hour recalls to assess the effect of season 
on energy balance in a sample of 114 young Dutch adults and showed no evidence of 
seasonal variations in energy intake.  Excessive alcohol consumption is becoming a public 
health concern.  Alcohol not only adds to the energy intake, but also contributes to health 
problems such as liver disease, heart disease, pancreatitis, stroke and brain damage.  Some 
studies have demonstrated that alcohol consumption does vary over different seasons 52, 406 
with a peak in winter months as a consequence of holiday indulgence.  
 
The EPIC FFQ was used to monitor dietary intake of the participants.  The FFQs allowed for 
estimations to be made for habitual dietary patterns.  The main focus in terms of dietary 
intake is daily calorie intake as the energy intake is a vital component to the energy balance 
equation, which is the focus of this thesis.  If the energy intake is substantially larger than 
the energy expenditure the consequence is weight gain, which in extreme cases could lead 
to obesity.  However, the FFQ also provides estimates of carbohydrate, protein, fat and 
alcohol intake.      
 
This current study measured PA, SB, sleep and dietary intake in UK adults at 4 different 
time-points throughout a 12 month period, capturing all seasons.  To date, no research has 
investigated the seasonal variation of PA, SB, sleep and dietary intake simultaneously in a 
sample of UK adults.  This longitudinal study will provide new data on the seasonal variation 
of SB, including a measure of sleep and furthering past research by objectively examining 
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seasonal variation of PA using an accelerometer and assessing seasonal variation of dietary 
intake of UK adults.  The results of this longitudinal study will all be presented and discussed 
in this chapter. 
 
Methods 
Participants 
For this longitudinal study, volunteers were recruited from Loughborough University and 
local businesses.  For full details of the recruitment process see previous section 3.2 (pp. 83-
84).   
 
Measurement of Health Indicators  
Participants either visited the laboratory at Loughborough University or, with the approval 
of supervisors, were visited at their workplace at the outset, during which a number of 
measures of health indicators were assessed including height (cm), weight (kg), BMI (kg/m2), 
body composition (Tanita BC-418 MA body composition analyser), waist circumference (cm) 
and blood pressure (Omron M6 automated blood pressure monitor).  For full details of the 
methods see previous section 3.2 (pp. 84). 
 
Measurement of Physical Activity and Sedentary Behaviour 
To monitor PA and SB levels, participants were asked to wear the ActiGraph GT1M 
accelerometer throughout waking hours for 7 consecutive days, except-during water based 
activities, during each season of the year.  Participants wore the ActiGraph around their 
waist, above the midline of their thigh.  The commonly used Freedson cut points 110 were 
used to break down PA into different intensities, with 100-1951 counts per minute (cpm) 
classified as light intensity PA (LIPA) and moderate-vigorous PA (MVPA) classified as activity 
counts ≥1952 cpm and SB being classified as <100 cpm 76.  For full details of the methods see 
previous section 3.2 (pp. 84-85).  
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Measurement of Sleep 
To assess time in bed (TIB) and total sleep time (TST), participants completed a daily sleep 
log.  The time participants went to bed, went to sleep, woke up in the morning, got out of 
bed and any awakenings during the night were all recorded.  Participants also recorded any 
naps which were taken during the day and how long they lasted.  This allowed total time 
spent asleep and total time spent in bed to be calculated.  For full details of the methods 
see previous section 3.2 (pp. 85). 
 
Measurement of Dietary Intake   
Following the success of the feasibility study, the European Perspective Investigation of 
Cancer (EPIC) Food Frequency Questionnaire (FFQ) was used to estimate dietary intake of 
the participants.  An FFQ was given to participants at the start of each seasonal monitoring 
period and they were asked to complete it as accurately as possible for the current season.  
The FFQ was completed by participants during the 7 day monitoring period and was 
collected from participants along with the ActiGraph and the PA and sleep diaries after the 7 
days were completed.  For full details of the methods see previous section 3.2 (pp. 86). 
 
Data analysis 
The Kolmogorov-Smirnov test was used to assess normal distribution and if the significance 
value was > 0.05, if the data was not normally distributed and non-parametric test 
equivalents were used.  Descriptive statistics were used to examine mean and standard 
deviation (SD) for accelerometer wear time, active time, LIPA, MVPA, SB, TIB, TST, energy, 
carbohydrate, protein, fat and alcohol intake for males and females across each season.  To 
control for seasonal variation in accelerometer wear time, time spent being active, in LIPA, 
MVPA and wake time SB were converted to a percentage of accelerometer wear time.    
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Independent t-tests were used to examine if there were any significant differences between 
weekday (Monday-Friday) and weekend means (Saturday and Sunday) for females and 
males in terms of accelerometer wear time, proportion of wear time spent active, 
proportion of wear time in LIPA, proportion of wear time in MVPA, proportion of wear time 
in SB, TIB and TST across all seasons.  Due to the nature of the food frequency 
questionnaires, this could not be done for dietary intake as it does not differentiate 
between weekday and weekend intake. 
   
Using the PA, SB, sleep and diet data from the 46 participants who completed all 4 seasons 
of monitoring, accelerometer wear time, proportion of wear time spent active, proportion 
of wear time in LIPA, proportion of wear time in MVPA, proportion of wear time in SB, TIB, 
TST and energy, carbohydrate, protein, fat and alcohol intake were compared across the 4 
seasons using a repeated measures ANOVA.  To examine if gender had an effect on these 
behaviours, gender was entered as a between-subjects covariate.  The significance level was 
set at p < 0.05.  In cases when the Mauchley’s test revealed that the assumption of 
sphericity had been violated (p < 0.05), the Greenhouse – Geisser procedure was applied to 
adjust the degrees of freedom.  Post-hoc Bonferroni corrected paired sample t-tests were 
conducted on significant repeated measures ANOVAs, the significance level was set at 
0.008.      
 
Results 
Participants 
Figure 5.1 displays the number of participants recruited during each season and the number 
of participants who fully completed that initial season.  Figure 5.2 displays the number of 
participants who fully completed each season of data collection and were included in the 
analyses that follow. 
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FIGURE 5.1. NUMBER OF PARTICIPANTS WHO WERE RECRUITED DURING EACH SEASON AND NUMBER OF PARTICIPANTS 
WHO FULLY COMPLETED THEIR INITIAL MEASUREMENT PERIOD 
 
 
FIGURE 5.2. NUMBER OF PARTICIPANTS (MALES AND FEMALES) WHO COMPLETED EACH SEASON 
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As demonstrated from chapter 4 (pp. 97-99), 23 of the 95 participants who began the study 
either withdrew or were excluded from the initial measurement period on the basis of not 
meeting the minimum requirements (5 days of at least 600 minutes/day wear time of the 
accelerometers, a fully completed sleep diary and FFQ).  The study, ideally, required all 
participants to be monitored at 4 different time points in the year, however due to work or 
other commitments some participants could not complete all 4 seasons.  The tables below 
show the baseline sample characteristics of the participants who took part in all 4 seasons 
(Table 5.1) and those who did less than 4 seasons (Table 5.2), respectively.  It is important to 
note that the results of the seasonal changes in lifestyle behaviours reported in the 
subsequent sections include only the 46 participants who completed all 4 seasons.     
 
 
TABLE 5.1. SAMPLE CHARACTERISTICS OF THE 46 PARTICIPANTS WHO FULLY COMPLIED TO THE PROTOCOL DESCRIBED 
IN FULL IN CHAPTER 3.2 (PP. 84-87) OVER ALL 4 SEASONS. 
 Male Female Total Sample 
Number of Participants 13 33 46 
Age  
(mean yrs ± SD) 
39.5 ± 14.4 42.7 ± 14.8 
 
41.8 ± 14.6 
Height  
(mean cm ± SD) 
179.2 ± 7.9 163.9 ± 7.9 168.0 ± 10.4 
Weight  
(mean kg ± SD) 
79.7 ± 9.8 66.9 ± 13.4 70.3 ± 13.7 
BMI  
(mean ± SD) 
24.9 ± 3.0 24.9 ± 4.9 24.9 ± 4.4 
Fat Percentage  
(mean ± SD) 
18.2 ± 5.8 33.4 ± 6.9 29.4 ± 9.4 
Waist circumference 
(mean cm ± SD) 
88.1 ± 7.3 81.0 ± 10.3 82.9 ± 10.0 
Systolic Blood Pressure 
(mean mmHg ± SD) 
137.8 ± 19.3 125.1 ± 21.6 128.5 ± 21.5 
Diastolic Blood Pressure 
(mean mmHg ± SD) 
81.6 ± 15.7 81.0 ± 13.9 81.6 ± 14.2 
 
Out of the 72 participants who provided valid data during the first measurement period, 
63.8% (n = 46) of those participants completed all 4 seasons.  When looking at gender 
differences for this group of participants, there are only significant differences in 
anthropometry readings you would expect such as height (t(43) = 5.72, p < 0.01), weight 
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(t(43) = 3.01, p < 0.01), WC (t(43) = 2.19, p < 0.05) and fat percentage (t(43) = 6.81, p < 
0.0001). 
 
There were 21 out of the original 72 participants who completed 3 seasons, 4 who 
completed 2 seasons and just 1 who only completed 1 season of data collection.   When 
looking at gender differences for this sample of participants, unsurprisingly, height (t(25) = 
4.89, p < 0.001), weight (t(25) = 2.40, p < 0.05) and fat percentage (t(25) = 4.89, p < 0.001) 
were significantly different between male and females.  Additionally, the males were 
significantly younger than the females in this sample (t(18.28) = 2.30, p < 0.05). 
 
TABLE 5.2. SAMPLE CHARACTERISTICS OF THE 26 PARTICIPANTS WHO DID NOT FULLY COMPLY TO THE PROTOCOL 
DESCRIBED IN FULL IN CHAPTER 3.2 (PP. 84-87) OVER ALL 4 SEASONS. 
 Male Female Total Sample 
Number of Participants 13 13 26 
Age  
(mean yrs ± SD) 
29.2 ± 6.8 39.6 ± 15.3 
 
34.6 ± 12.8 
Height  
(mean cm ± SD) 
181.9 ± 9.3 166.7 ± 6.7 174.0 ± 11.0 
Weight 
(mean kg ± SD) 
86.9 ± 15.6 71.6 ± 17.9 78.9 ± 18.3 
BMI  
(mean ± SD) 
26.2 ± 3.6 25.6 ± 5.6 25.9 ± 4.7 
Fat Percentage  
(mean ± SD) 
20.3 ± 5.2 32.6 ± 8.9 26.7 ± 9.6 
Waist circumference 
(mean cm ± SD) 
92.6 ± 10.2 84.6 ± 14.4 88.5 ± 13.0 
Systolic Blood Pressure 
(mean mmHg ± SD) 
132.2 ± 12.0 122.8 ± 19.3 127.3 ± 16.8 
Diastolic Blood Pressure 
(mean mmHg ± SD) 
81.2 ± 8.9 78.4 ± 13.4 79.8 ± 11.3 
  
Independent t-tests were performed to identify, if any, differences between the participants 
who completed all 4 seasons and those who did not complete 4 seasons of measurement.  
The analyses showed that there were some differences between the 2 groups of 
participants.  Those who completed all seasons were significantly older than those who did 
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not complete all 4 seasons (t(60.203) = 2.194, p < 0.05).  There were significant differences 
in height (t(70) = 2.329, p < 0.05) and weight (t(43.495) = 2.110, p < 0.05) between the 
groups, as well as WC (t(70) = 2.058, p < 0.05).   
 
Accelerometer Wear Time 
Table 5.3 shows the mean time (and SD) all the participants wore their accelerometer for 
throughout the entire week (Monday-Sunday), on weekdays (Monday-Friday) and on 
weekend days (Saturday and Sunday) for all seasons.   
TABLE 5.3. MEAN MINUTES/DAY SPENT WEARING THE ACCELEROMETER OVER THE WEEK (MONDAY-SUNDAY), ON 
WEEKDAYS (MONDAY-FRIDAY) AND ON WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO COMPLETED 
ONLY 1 SEASON. 
Accelerometer wear 
time 
Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly Mean 
Min/day ± SD 
Female 
Male 
All 
1004.8 ± 45.0 
992.5 ± 50.3 
1001.0 ± 46.7 
984.6 ± 54.2 
1004.5 ± 38.4 
990.6 ± 50.5 
984.1 ± 40.6 
993.9 ± 46.0 
987.4 ± 42.4 
995.7 ± 48.8 
1007.1 ± 36.5 
999.7 ± 44.9 
Weekday  
Mean 
Min/day ± SD 
Female 
Male 
All 
1019.5 ± 43.2 
1011.9 ± 53.5 
 1017.1 ± 46.4 
999.7 ± 56.4 
1018.6 ± 54.4   
1005.3 ± 56.0 
996.2 ± 40.3 
1010.3 ± 50.9   
1000.9 ± 44.2 
1014.7 ± 48.1 
1018.7 ± 40.0  
1016.1 ± 45.2 
Weekend Day 
Mean 
Min/day ± SD 
Female 
Male 
All 
971.4 ± 70.6 
938.1 ± 79.6 
961.4 ± 74.4 
948.2 ± 73.7 
968.0 ± 44.1 
954.1 ± 66.5 
954.1 ± 64.5  
949.0 ± 68.5 
952.7 ± 65.3 
949.5 ± 73.0 
978.1 ± 51.8 
959.6 ± 67.4 
 
 
Females wore the accelerometer significantly longer during weekdays in comparison to 
weekend days for every season (summer: t(43) = 4.673, p < 0.001; autumn: t(39) = 3.208, p < 
0.01; winter: t(41) = 4.505, p < 0.001; spring: t(45) = 6.320, p < 0.001).  Males also wore the 
accelerometer for longer on weekdays in comparison to weekend days, however only 
significantly so for summer (t(18) = 3.229, p < 0.01) and winter (t(20) = 3.147, p = 0.01).   
 
Independent t-tests revealed that there were no significant differences between male’s and 
female’s weekly accelerometer wear time (summer:  t(62) = 0.980, p = 0.331; autumn: t(55) 
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= 1.366, p = 0.178; winter: t(61) = 0.857, p = 0.395; spring: t(69) = 1.017, p = 0.313), weekday 
accelerometer wear time (summer:  t(62) = 0.608, p = 0.545; autumn: t(55) = 1.174, p = 
0.245; winter: t(61) = 1.121, p = 0.267; spring: t(69) = 0.353, p = 0.725) and weekend 
accelerometer wear time (summer:  t(62) = 1.655, p = 0.103; autumn: t(55) = 1.033, p = 
0.306; winter: t(61) = 0.230, p = 0.819; spring: t(69) = 1.732, p = 0.088). 
 
To assess seasonal variation in accelerometer wear time, only the 46 participants who 
completed all 4 seasons were included in the repeated measures ANOVA.  Gender was used 
as a between subjects factor to assess if there was a gender interaction on accelerometer 
wear time in the sample who completed all 4 seasons.  Mean times for accelerometer wear 
time for those who completed all 4 seasons are displayed in Table 5.4.   
 
TABLE 5.4. MEAN MINUTES/DAY SPENT WEARING THE ACCELEROMETER OVER THE WEEK (MONDAY-SUNDAY), 
WEEKDAYS (MONDAY-FRIDAY) AND THE WEEKENDS (SATURDAY-SUNDAY) FOR THOSE PARTICIPANTS WHO COMPLETED 
ALL 4 SEASONS.  ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF SEASONAL VARIATION: *P < 0.05, ** P < 0.01, ***P < 
0.001. ‡ DENOTES A SIGNIFICANT SEASON * GENDER INTERACTION (P < 0.05). ∏ DENOTES A SIGNIFICANT MAIN GENDER 
EFFECT (P < 0.05). 
Accelerometer wear 
time 
Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly  
Mean        * 
Min/day ± SD  
Female 
Male 
All 
1002.8 ± 50.1 
1005.1 ± 53.1 
1003.4 ± 50.4 
982.2 ± 55.9 
1008.6 ± 43.2 
988.7 ± 53.5 
983.6 ± 42.9 
995.0 ± 48.5 
986.8 ± 44.3 
992.7 ± 52.7 
1017.4 ± 41.3 
999.7 ± 50.6 
Weekday  
Mean       ** 
Min/day ± SD 
Female 
Male 
All 
1015.6 ± 46.1 
1025.6 ± 58.6 
1018.4 ± 49.5 
996.9 ± 58.6 
1021.4 ± 62.0 
1003.8 ± 60.0 
994.0 ± 41.7 
1008.8 ± 57.3 
998.2 ± 46.5 
1012.4 ± 49.9 
1032.4 ± 43.5 
1018.1 ± 48.6 
Weekend  
Mean        ‡ 
Min/day ± SD 
Female 
Male 
All 
973.0 ± 74.8 
942.9 ± 84.8 
964.5 ± 78.0 
947.7 ± 73.9 
974.5 ± 44.7 
955.3 ± 67.5 
958.6 ± 68.4 
956.7 ± 63.0 
958.1 ± 66.2 
943.6 ± 73.5 
980.1 ± 53.8 
953.9 ± 69.9 
 
It was revealed that weekly accelerometer wear time (F(3,132) = 2.821, p < 0.05) and 
weekday accelerometer wear time (F(3,132) = 5.194, p < 0.01) were significantly different 
across seasons, however there was no gender*season interaction or main effects of gender 
for weekly or weekday accelerometer wear time.  Bonferroni corrected post hoc paired 
sample t-tests revealed that weekly accelerometer wear time for this sample was 
significantly higher in summer when compared to winter (t(45) = 2.759, p < 0.008).  
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Weekday accelerometer wear time was significantly lower in winter when compared to 
wear time in summer (t(45) = 3.597, p < 0.008) and spring (t(45) = 3.684, p < 0.008).  
 
Weekend accelerometer wear time appeared to have no seasonal variation (F(3,132) = 
0.064, p = 0.979) or main gender effect (F(1,44) = 0.195, p = 0.661), however, there was a 
significant interaction between season and gender (F(3,132) = 3.169, p < 0.05), implying that 
patterns of accelerometer wear were significantly different in males and females.  These 
patterns are displayed in figure 5.3.  There were no significant gender differences in 
accelerometer wear over the weekends, however, during the summer season females wore 
the accelerometer for longer, whereas males wore the accelerometer more in autumn and 
spring. 
 
  
FIGURE 5.3. GENDER*SEASON INTERACTION PLOT.  MINUTES OF WEEKEND ACCELEROMETER WEAR TIME FOR MALES AND FEMALES 
FOR EACH SEASON 
 
 
 
150 
 
Total Activity Minutes 
As there was significant seasonal variation in accelerometer wear time, time spent being 
active, in LIPA, MVPA and wake time SB are all presented as a percentage of wear time in 
subsequent presentation of results (For tables displaying minutes spent in each behaviour, 
see appendix).  Table 5.5 shows the mean percentage of wear time minutes/day (and SD) 
spent being active, including time spent in both LIPA and MVPA, for the entire week 
(Monday-Sunday), on weekdays only (Monday-Friday) and on weekend days only (Saturday 
and Sunday) for all the participants who completed at least 1 season.  
 
TABLE 5.5. MEAN PERCENTAGE OF ACCELEROMETER WEAR TIME SPENT ACTIVE/DAY OVER THE WEEK (MONDAY-
SUNDAY), ON WEEKDAYS ONLY (MONDAY-FRIDAY) AND ON WEEKEND DAYS ONLY (SATURDAY-SUNDAY) FOR ALL 
PARTICIPANTS COMPLETING AT LEAST 1 SEASON. 
Percentage Active Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly  
Mean 
%age/day ± SD 
Female 
Male 
All 
34.0 ± 6.7 
33.9 ± 8.5 
34.0 ± 7.2 
32.3 ± 6.6 
31.2 ± 6.8 
32.0 ± 6.6 
29.1 ± 5.3 
32.2 ± 8.4 
30.1 ± 6.6 
34.4 ± 6.5 
32.7 ± 8.2 
33.8 ± 7.1 
Weekday  
Mean 
%age/day ± SD 
Female 
Male 
All 
32.6 ± 7.4 
32.4 ± 9.6 
 32.5 ± 8.1 
31.9 ± 7.4 
30.9 ± 8.4   
31.6 ± 7.7 
28.2 ± 5.9 
31.1 ± 9.1   
29.2 ± 7.2 
33.0 ± 7.2 
32.7 ± 8.2  
32.9 ± 7.9 
Weekend  
Mean 
%age/day ± SD 
Female 
Male 
All 
37.1 ± 8.8 
38.2 ± 12.3 
37.4 ± 9.9 
33.6 ± 9.1 
32.1 ± 9.2 
33.1 ± 9.0 
31.3 ± 8.0  
34.1 ± 11.1 
32.3 ± 9.1 
37.9 ± 8.3 
32.7 ± 10.5 
36.0 ± 9.4 
 
Females spent significantly more time being active on weekend days in comparison to 
weekdays for every season apart from autumn (summer: t(43) = 3.294, p < 0.01; winter: 
t(41) = 2.502, p < 0.05; spring: t(45) = 3.916, p < 0.001).  Males tended to spend more time 
being active over the weekends in comparison to the weekdays, however, these differences 
were marginal and not significant.  When looking at the sample as a whole, they spent 
significantly more time being active over the weekends in comparison to weekdays for every 
season except autumn (summer: t(63) = 3.611, p < 0.001; winter: t(62) = 2.692, p < 0.01; 
spring: t(70) = 2.786, p < 0.01). 
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Independent t-tests revealed that there were no significant differences between the 
percentage of wear time spent being active by males or females over the entire week 
(summer:  t(62) = 0.255, p = 0.799; autumn: t(55) = 0.831, p = 0.410; winter: t(61) = 1.819, p 
= 0.074; spring: t(69) = 0.654, p = 0.515), on weekdays (summer:  t(62) = 0.170, p = 0.866; 
autumn: t(55) = 0.651, p = 0.517; winter: t(61) = 1.644, p = 0.105; spring: t(69) = 0.052, p = 
0.959) or weekend day (summer:  t(62) = 0.325, p = 0.746; autumn: t(55) = 0.417, p = 0.679; 
winter: t(61) = 1.002, p = 0.320; spring: t(69) = 1.685, p = 0.096). 
 
A repeated measures ANOVA was used to explore if there were any seasonal changes in the 
percentage of wear time spent active.  Gender was used as a between subjects factor to 
assess if there was a gender interaction on total activity time in the sample who completed 
all 4 seasons.  Mean percentage of wear time minutes/day for total activity (time spent in 
LIPA and MVPA) for the entire week (Monday-Sunday), weekdays (Monday-Friday) and 
weekend days (Saturday-Sunday) for those who completed all 4 seasons are displayed in 
Table 5.6. 
 
TABLE 5.6. MEAN PERCENTAGE OF ACCELEROMETER WEAR TIME SPENT ACTIVE/DAY OVER THE WEEK (MONDAY-
SUNDAY), ON WEEKDAYS ONLY (MONDAY-FRIDAY) AND ON WEEKEND DAYS ONLY (SATURDAY-SUNDAY) FOR 
PARTICIPANTS WHO COMPLETED ALL 4 SEASONS OF MONITORING. ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF 
SEASONAL VARIATION: *P < 0.05, ** P < 0.01, ***P < 0.001. ‡ DENOTES A SIGNIFICANT SEASON * GENDER INTERACTION 
(P < 0.05). ∏ DENOTES A SIGNIFICANT MAIN GENDER EFFECT (P < 0.05). 
Percentage Active Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly  
Mean      *** 
%age/day ± SD 
Female 
Male 
All 
34.4 ± 6.1 
35.0 ± 9.0 
34.6 ± 7.0 
32.6 ± 6.6 
31.0 ± 7.4 
32.1 ± 6.8 
29.5 ± 5.4 
31.8 ± 8.7 
30.2 ± 6.5 
35.0 ± 5.9 
33.9 ± 9.1 
34.7 ± 6.9 
Weekday  
Mean      *** 
%age/day ± SD 
Female 
Male 
All 
33.2 ± 7.2 
33.1 ± 11.1 
33.2 ± 8.3 
32.0 ± 7.6  
30.4 ± 9.3 
31.6 ± 6.1 
28.7 ± 6.1 
30.4 ± 10.2 
29.2 ± 7.4 
33.4 ± 6.6 
32.7 ± 10.1 
33.2 ± 7.6 
Weekend  
Mean      *** 
%age/day ± SD 
Female 
Male 
All 
36.8 ± 8.6 
39.8 ± 11.8 
37.6 ± 9.5 
33.8 ± 8.5 
33.1 ± 8.9 
33.6 ± 8.6 
31.6 ± 8.3 
34.3 ± 9.9 
32.4 ± 8.7 
38.8 ± 7.5 
36.8 ± 10.4 
38.2 ± 8.3 
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It was revealed that the percentage of wear time spent active over the entire week (F(3, 
132) = 11.379, p < 0.001), weekday activity minutes (F(3,132) = 9.254, p < 0.001) and 
weekend activity minutes (F(3,132) = 5.899, p < 0.001) were all significantly different across 
seasons.   There appeared to be no significant interaction between season and gender or 
main effect of gender for weekly, weekday or weekend mean percentage of wear time 
spent being active.   
 
Bonferroni-corrected post hoc comparisons revealed that the proportion of accelerometer 
wear time spent active was significantly lower in winter in comparison to all other seasons 
(summer v winter: t(45) = 5.063, p < 0.008; spring v winter: t(45) = 5.885, p < 0.008; autumn 
v winter: t(45) = 3.173, p < 0.008).  The sample also spent significantly less proportion of 
wear time being active in the autumn when compared with time spent active in the summer 
and the spring (summer v autumn: t(45) = 3.125, p < 0.008; spring v autumn: t(45) = 3.214, p 
< 0.008).  There were no significant differences between proportion of wear time spent 
active in the summer and spring (t(45) = 0.142, p = 0.887). 
 
Bonferroni corrected post hoc tests revealed that the proportion of wear time spent active 
was significantly lower on winter weekdays when compared with weekdays in every other 
season (summer v winter: t(45) = 4.661, p < 0.008; autumn v winter: (t(45) = 3.695, p < 
0.008; spring v winter: t(45) = 4.495, p < 0.008).  There were no significant differences in 
proportion of wear time spent being active between any other seasons (summer v autumn: 
t(45) = 2.145, p = 0.037; summer v spring: t(45) = 0.058, p = 0.954; spring v autumn: t(45) = 
2.349, p = 0.023).  
 
Individuals spent significantly larger proportions of wear time being active over weekends in 
summer in comparison to winter weekends (t(45) = 3.201, p < 0.008).  Additionally, 
participants spent significantly larger proportions of wear time being active in spring when 
compared to autumn and winter weekends (spring v autumn: t(45) = 3.049, p < 0.008; spring 
v winter: t(45) = 4.495, p < 0.008).  There were no significant differences in proportions of 
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wear time spent being active on weekends between any other seasons (summer v autumn: 
t(45) = 2.711, p = 0.009; summer v spring: t(45) = 0.343, p = 0.733; autumn v winter: t(45) = 
0.995, p = 0.325). 
 
Light Intensity Physical Activity 
Table 5.7 shows the mean percentage of wear time minutes/day (and SD) spent in LIPA for 
the entire week (Monday-Sunday), on weekdays (Monday-Friday) and on weekend days 
(Saturday and Sunday) for all participants who completed at least 1 season. 
 
TABLE 5.7. MEAN PERCENTAGE OF ACCELEROMETER WEAR TIME/DAY SPENT IN LIGHT INTENSITY PA OVER THE WEEK 
(MONDAY-SUNDAY), ON WEEKDAYS ONLY (MONDAY-FRIDAY) AND ON WEEKEND DAYS ONLY (SATURDAY-SUNDAY) FOR 
ALL PARTICIPANTS COMPLETING AT LEAST 1 SEASON. 
Percentage LIPA Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly Mean 
%age/day ± SD 
Female 
Male 
All 
30.4 ± 6.3 
29.0 ± 7.6 
30.0 ± 6.7 
28.6 ± 6.8 
26.5 ± 6.3 
28.0 ± 6.6 
25.9 ± 5.4 
26.9 ± 7.2 
26.2 ± 6.0 
30.4 ± 6.6 
27.9 ± 7.0 
29.5 ± 6.8 
Weekday  
Mean 
%age/day ± SD 
Female 
Male 
All 
30.5 ± 6.2 
29.1 ± 7.6 
 30.2 ± 6.7 
28.3 ± 7.2 
26.0 ± 7.5   
27.6 ± 7.7 
25.2 ± 6.2 
26.2 ± 8.3   
25.6 ± 6.9 
29.3 ± 7.4 
27.5 ± 7.6  
28.7 ± 7.5 
Weekend  
Mean 
%age/day ± SD 
Female 
Male 
All 
32.9 ± 8.3 
32.4 ± 10.3 
32.7 ± 8.8 
29.3 ± 7.2 
27.9 ± 8.3 
28.9 ± 7.5 
27.4 ± 6.7  
28.0 ± 7.1 
27.6 ± 6.8 
33.1 ± 7.0 
28.8 ± 9.3 
31.6 ± 8.6 
 
When looking at the sample as a whole, they spent a significantly larger percentage of time 
in LIPA over the weekends in comparison to weekdays for every season except autumn 
(summer: t(63) = 2.929, p < 0.01; winter: t(62) = 2.131, p < 0.05; spring: t(70) = 2.893, p < 
0.01).  Females spent significantly more time in LIPA on weekend days in comparison to 
weekdays during summer and spring (summer: t(43) = 2.482, p < 0.05; spring: t(45) = 3.183, 
p < 0.01).  Males tended to spend more time in LIPA over the weekends in comparison to 
the weekdays, however, these differences were marginal and not significant.  
  
 
 
154 
 
Independent t-tests revealed that there were no significant differences between the 
percentage of time spent in LIPA for males and females over the entire week (summer:  
t(62) = 0.780, p = 0.439; autumn: t(55) = 1.073, p = 0.288; winter: t(61) = 0.661, p = 0.511; 
spring: t(69) = 1.505, p = 0.137), on weekdays (summer:  t(62) = 0.781, p = 0.439; autumn: 
t(55) = 1.003, p = 0.320; winter: t(61) = 0.497, p = 0.621; spring: t(69) = 0.969, p = 0.336) or 
weekend days (summer:  t(62) = 0.173, p = 0.863; autumn: t(55) = 0.626, p = 0.534; winter: 
t(61) = 0.333, p = 0.740; spring: t(69) = 1.948, p = 0.058). 
 
A repeated measures ANOVA was used to explore if there were any seasonal changes in 
LIPA.  Gender was used as a between subjects factor to assess if there was a gender 
interaction on LIPA in the sample who completed all 4 seasons.  Mean percentages of 
minutes/day for LIPA for the entire week (Monday-Sunday), weekdays (Monday-Friday) and 
weekend days (Saturday-Sunday) for those who completed all 4 seasons are displayed in 
Table 5.8. 
 
TABLE 5.8. MEAN PERCENTAGE OF ACCELEROMETER WEAR TIME/DAY SPENT IN LIPA OVER THE WEEK (MONDAY-
SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND ON WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO 
COMPLETED ALL 4 SEASONS OF MONITORING.  ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF SEASONAL 
VARIATION: *P < 0.05, ** P < 0.01, ***P < 0.001. ‡ DENOTES A SIGNIFICANT SEASON * GENDER INTERACTION (P < 0.05). 
∏ DENOTES A SIGNIFICANT MAIN GENDER EFFECT (P < 0.05). 
Percentage LIPA Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly  
Mean    *** 
%age/day ± SD 
Female 
Male 
All 
30.9 ± 6.2 
29.9 ± 8.4 
30.6 ± 6.8 
28.9 ± 7.1 
26.1 ± 6.8 
28.1 ± 7.1 
26.1 ± 5.6 
26.6 ± 9.6 
26.1 ± 6.2 
30.9 ± 6.5 
28.9 ± 7.8 
30.3 ± 6.8 
Weekday  
Mean    *** 
%age/day ± SD 
Female 
Male 
All 
30.7 ± 5.8 
29.8 ± 8.4 
 30.6 ± 6.8 
28.5 ± 8.2 
25.5 ± 8.4   
27.6 ± 8.3 
25.6 ± 6.6 
25.2 ± 9.6   
25.5 ± 7.5 
29.7 ± 7.0 
27.5 ± 8.8  
29.1 ± 7.6 
Weekend  
Mean    *** 
%age/day ± SD 
Female 
Male 
All 
32.5 ± 8.2 
34.2 ± 10.6 
33.0 ± 8.9 
30.0 ± 7.4 
28.2 ± 7.9 
29.5 ± 7.5 
30.0 ± 7.4  
28.1 ± 5.6 
29.7 ± 6.5 
33.8 ± 7.6 
32.5 ± 8.8 
33.4 ± 7.9 
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It was revealed that weekly LIPA (F(3,132) = 12.882, p < 0.001), weekday LIPA (F(3,132) = 
15.422, p < 0.001) and weekend day LIPA (F(3,132) = 7.107, p < 0.001) were all significantly 
different across seasons.   There appeared to be no significant interaction between season 
and gender or main effect of gender for weekly, weekday or weekend LIPA.   
 
Bonferroni-corrected post hoc comparisons revealed that the proportion of time spent in 
LIPA throughout the entire week during the winter was significantly lower when compared 
to all other seasons (summer v winter: t(45) = 5.615, p < 0.008; spring v winter: t(45) = 
5.872, p < 0.008; autumn v winter: t(45) = 3.584, p < 0.008).  The sample also spent a 
significantly smaller proportion of wear time in LIPA in the autumn when compared to 
spring and summer (autumn v spring: t(45) = 2.968, p < 0.008; autumn v summer: t(45) = 
3.250, p < 0.008).  There were no significant differences in the proportion of wear time 
spent in LIPA in summer and spring (t(45) = 0.394, p = 0.695). 
     
Regarding time spent in LIPA on weekdays, bonferroni corrected post hoc tests revealed 
that participants spent a significantly smaller proportion of wear time in LIPA on weekdays 
in winter when compared to all other seasons (winter v summer: t(45) = 6.505, p < 0.008; 
winter v spring: t(45) = 5.336, p < 0.008; winter v autumn: t(45) = 3.802, p < 0.008). The 
proportion of wear time spent in LIPA on weekdays in summer was significantly higher in 
comparison to autumn (summer v autumn: t(45) = 3.670, p < 0.008). There were no 
significant differences between the proportion of wear time spent in LIPA on weekdays 
between spring and both autumn and summer (spring v autumn: t(45) = 2.175, p = 0.035; 
spring v summer: t(45) = 2.362, p = 0.023).   
 
Weekend proportions of wear time spent in LIPA in winter were significantly lower than 
summer and spring (winter v summer: t(45) = 3.712, p < 0.008; winter v spring: t(45) = 
4.545, p < 0.008).  There were no other significant seasonal differences in LIPA over 
weekends (summer v autumn: t(45) = 2.615, p = 0.012; summer v spring: t(45) = 0.294, p = 
0.770;  autumn v winter: t(45) = 1.759, p = 0.085; autumn v spring: t(45) = 2.780, p = 0.009).   
 
 
156 
 
Moderate-Vigorous Physical Activity 
Table 5.9 shows the mean percentage of wear time minutes (and SD) spent in MVPA for the 
entire week (Monday-Sunday), on weekdays (Monday-Friday) and on weekend days 
(Saturday and Sunday) for all participants who completed at least 1 season. 
 
 
TABLE 5.9. MEAN PERCENTAGE OF ACCELEROMETER WEAR TIME/DAY SPENT IN MVPA OVER THE WEEK (MONDAY-
SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND ON WEEKEND DAYS (SATURDAY-SUNDAY) FOR ALL PARTICIPANTS 
COMPLETING AT LEAST 1 SEASON. 
Percentage MVPA Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly Mean 
%age/day ± SD 
Female 
Male 
All 
3.6 ± 2.2 
4.9 ± 2.7 
4.0 ± 2.4 
3.8 ± 2.2 
4.7 ± 2.2 
4.1 ± 2.2 
3.3 ± 1.8 
5.3 ± 3.1 
3.9 ± 2.5 
4.0 ± 2.2 
4.8 ± 2.9 
4.3 ± 2.5 
Weekday  
Mean 
%age/day ± SD 
Female 
Male 
All 
3.3 ± 2.2 
4.7 ± 2.8 
 3.7 ± 2.5 
3.6 ± 2.2 
4.9 ± 2.3   
4.1 ± 2.2 
2.9 ± 1.9 
4.9 ± 2.8   
3.6 ± 2.4 
3.7 ± 2.0 
5.2 ± 3.2  
4.2 ± 2.6 
Weekend  
Mean 
%age/day ± SD 
Female 
Male 
All 
4.2 ± 3.3 
5.7 ± 3.7 
4.7 ± 3.5 
4.3 ± 4.2 
4.2 ± 3.2 
4.3 ± 2.3 
3.9 ± 3.4  
6.1 ± 5.1 
4.6 ± 4.1 
4.8 ± 3.8 
3.9 ± 3.7 
4.5 ± 3.7 
 
When looking at the sample as a whole, they spent a higher proportion of wear time in 
MVPA over the weekends in comparison to weekdays for every season, however, only 
significantly more in summer and winter (summer: t(63) = 2.338, p < 0.05; winter: t(62) = 
2.267, p < 0.05).  Females spent a significantly larger proportion of wear in MVPA on 
weekend days in comparison to weekdays during summer and spring (summer: t(43) = 
2.179, p < 0.05; spring: t(45) = 2.225, p < 0.05).  There were no significant differences 
between weekday and weekend MVPA in males. 
 
Independent t-tests revealed that males participated in significantly more MVPA over the 
entire week in comparison to females in summer and winter (summer: t(62) = 2.161, p < 
0.05; winter: t(61) = 3.215, p < 0.01; autumn: t(55) = 1.465, p = 0.149; spring: t(69) = 1.377, p 
= 0.173).  The proportion of wear time spent in MVPA over weekdays was significantly 
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higher in males during every season (summer: t(62) = 2.281, p < 0.05; autumn: t(55) = 2.070, 
p < 0.05; winter: t(61) = 3.319, p < 0.01; spring: t(69) = 2.524, p < 0.05).  Males spent 
significantly more time in MVPA in comparison to females over the weekends in winter 
(winter: t(61) = 2.019, p < 0.05).  There were only small, and insignificant differences 
between the proportion of wear time spent in MVPA at weekends by males and females in 
the other seasons (summer: t(62) = 1.585, p = 0.118; autumn: t(55) = 0.065, p = 0.948; 
spring: t(69) = 0.984, p = 0.329).  
 
A repeated measures ANOVA was used to explore if there were any seasonal changes in 
MVPA.  Gender was used as a between subjects factor to assess if there was a gender 
interaction on MVPA in the sample who completed all 4 seasons.  Mean percentages of 
minutes/day of MPVA for the entire week (Monday-Sunday), weekdays (Monday-Friday) 
and weekend days (Saturday-Sunday) for those who completed all 4 seasons are displayed 
in Table 5.10. 
 
TABLE 5.10. MEAN PERCENTAGE OF ACCELEROMETER WEAR TIME/DAY SPENT IN MVPA OVER THE WEEK (MONDAY-
SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND ON WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO 
COMPLETED ALL 4 SEASONS OF MONITORING.  ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF SEASONAL 
VARIATION: *P < 0.05, ** P < 0.01, ***P < 0.001. ‡ DENOTES A SIGNIFICANT SEASON * GENDER INTERACTION (P < 0.05). 
∏ DENOTES A SIGNIFICANT MAIN GENDER EFFECT (P < 0.05). 
Percentage MVPA Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly  
Mean      ∏    
%age/day ± SD 
Female 
Male 
All 
3.5 ± 2.0 
5.1 ± 2.6 
4.0 ± 2.3 
3.7 ± 1.9 
5.6 ± 3.0 
4.1 ± 2.4 
3.5 ± 1.8 
4.9 ± 2.4 
4.0 ± 2.1 
4.1 ± 2.0 
5.0 ± 3.0 
4.3 ± 2.3 
Weekday  
Mean     ∏ 
%age/day ± SD 
Female 
Male 
All 
3.2 ± 2.1 
4.9 ± 2.9 
3.7 ± 2.5 
3.6 ± 2.0  
5.2 ± 2.5 
3.7 ± 2.3 
3.1 ± 1.9 
4.9 ± 2.5 
3.7 ± 2.5 
3.7 ± 2.0 
5.3 ± 2.9 
4.2 ± 2.3 
Weekend  
Mean 
%age/day ± SD 
Female 
Male 
All 
4.3 ± 3.1 
5.6 ± 2.8 
4.6 ± 3.1 
3.8 ± 3.4 
6.3 ± 5.2 
4.8 ± 4.1 
4.2 ± 3.6 
4.9 ± 3.2 
4.6 ± 3.1 
4.9 ± 3.7 
4.3 ± 4.8 
4.8 ± 4.0 
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With regards to mean weekly proportion of wear time spent in MVPA, the repeated 
measures ANOVA revealed that there were no significant seasonal differences (F(3,132) = 
0.464, p = 0.708) or interaction effects between season and gender (F(3,132) = 1.661, p = 
0.178), however, the main effect of gender was significant (F(1,44) = 5.435, p < 0.05) 
implying that the proportion of time spent in MVPA differed significantly between males 
and females.  Independent t-tests revealed that males spent a significantly larger proportion 
of wear time in MVPA over the whole week in summer and winter (summer: t(44) = 2.219, p 
< 0.05; winter: t(44) = 2.934, p < 0.01).   
 
Similar results were found when looking at weekday only MVPA.  The repeated measures 
ANOVA revealed that there were no significant seasonal differences (F(3,132) = 0.699, p = 
0.554) or interactions between season and gender (F(3,132) = 0.633, p = 0.595), however, 
the main effect of gender was significant (F(1,44) = 7.260, p < 0.05) implying that the 
proportion of time spent in MVPA on weekdays differed significantly between males and 
females.  Independent t-tests revealed that males spent a significantly larger proportion of 
wear time in MVPA over the weekdays in all seasons except autumn (summer: t(44) = 2.260, 
p < 0.05; winter: t(44) = 3.129, p < 0.01; spring: t(44) = 2.093, p < 0.05). 
 
Repeated measures ANOVA revealed no significant seasonal variation in weekend day 
MVPA (F(3,132) = 0.872, p = 0.458). Furthermore, no significant interaction between season 
and gender (F(3,132) = 1.754, p = 0.159) or main gender effect (F(1,44) = 1.014, p = 0.319) 
were observed.   
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Sedentary Behaviour 
Table 5.11 shows the percentage of daily accelerometer wear time participants spent in SB 
for the entire week (Monday-Sunday), on weekdays (Monday-Friday) and on weekend days 
(Saturday and Sunday) for all seasons for the participants who completed at least 1 season. 
 
 
TABLE 5.11.  MEAN PERCENTAGE OF ACCELEROMETER WEAR TIME/DAY SPENT IN SB OVER THE WEEK (MONDAY-
SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND ON WEEKEND DAYS ONLY (SATURDAY-SUNDAY) FOR EACH SEASON 
FOR ALL PARTICIPANTS WHO COMPLETED AT LEAST 1 SEASON. 
Percentage  
Sedentary  
Behaviour 
Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly  
Mean 
%age/day ± SD 
Female 
Male 
All 
66.0 ± 6.7 
66.1 ± 8.5 
66.0 ± 7.2 
67.7 ± 6.6 
68.8 ± 6.8 
68.0 ± 6.6 
70.9 ± 5.3 
67.8 ± 8.4 
69.9 ± 6.6 
65.6 ± 6.5 
67.3 ± 8.2 
66.2 ± 7.1 
Weekday  
Mean 
%age/day ± SD 
Female 
Male 
All 
67.4 ± 7.4 
67.6 ± 9.6 
 67.5 ± 8.1 
68.1 ± 7.4 
69.1 ± 8.4   
68.4 ± 7.7 
71.8 ± 5.9 
68.9 ± 9.1   
70.8 ± 7.2 
67.0 ± 7.2 
63.7 ± 8.2  
67.1 ± 7.9 
Weekend  
Mean 
%age/day ± SD 
Female 
Male 
All 
62.9 ± 8.8 
61.8 ± 12.3 
62.6 ± 9.9 
66.4 ± 9.1 
67.9 ± 9.2 
66.9 ± 9.0 
68.6 ± 8.0  
65.9 ± 11.1 
67.7 ± 9.1 
62.1 ± 8.3 
67.3 ± 10.5 
64.0 ± 9.4 
 
The sample spent significantly more time being sedentary on weekdays in comparison to 
weekend days across every season except for autumn (summer: t(63) = 3.611, p < 0.01; 
winter: t(62) = 2.692, p < 0.01; spring: t(70) = 2.786, p < 0.01).  Females spent significantly 
more time in sedentary behaviour on weekdays in comparison to weekend days across 
every season except autumn (summer: t(43) = 3.294, p < 0.01; winter: t(41) = 2.502, p < 
0.05; spring: t(45) = 3.916, p < 0.001).  Males spent more time in SB on weekdays in 
comparison to weekend days, however, the differences were small and not significant.   
 
Independent t-tests revealed that there were no significant differences between male’s and 
female’s weekly mean time spent in SB (summer: t(62) = 0.016, p = 0.987; autumn: t(55) = 
592, p = 0.556; winter: t(61) = 1.766, p = 0.082; spring: t(69) = 0.949, p = 0.346) or weekday 
wake time SB (summer: t(62) = 0.054, p = 0.957; autumn: t(55) = 0.413, p = 0.681; winter: 
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t(61) = 1.531, p = 0.131; spring: t(69) = 0.124, p = 0.902) for all seasons.  There were no 
significant differences in male and female weekend SB for all seasons except spring, 
whereby males registered significantly more sedentary time than females (spring: t(69) = 
2.292, p < 0.05; summer: t(62) = 0.394, p = 0.695; autumn: t(55) = 0.547, p = 0.587; winter: 
t(61) = 1.140, p = 0.259).   
 
A repeated measures ANOVA was used to explore if there were any seasonal changes in SB.  
Gender was added as a between subjects factor to assess if there was a main effect of 
gender or a gender interaction on SB in the sample who completed all 4 seasons. The 
proportion of accelerometer wear time spent in SB for those who completed all 4 seasons 
and included in the seasonal variation analysis are displayed in Table 5.12. 
 
TABLE 5.12. MEAN PERCENTAGE OF ACCELEROMETER WEAR TIME/DAY SPENT IN SB OVER THE WEEK (MONDAY-
SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND ON WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO 
COMPLETED ALL 4 SEASONS OF MONITORING. ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF SEASONAL 
VARIATION: *P < 0.05, ** P < 0.01, ***P < 0.001. ‡ DENOTES A SIGNIFICANT SEASON * GENDER INTERACTION (P < 0.05). 
∏ DENOTES A SIGNIFICANT MAIN GENDER EFFECT (P < 0.05). 
Percentage  
Sedentary  
Behaviour 
Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly  
Mean    *** 
%age/day ± SD 
Female 
Male 
All 
65.6 ± 6.1 
65.0 ± 9.0 
65.4 ± 7.0 
67.4 ± 6.6 
69.0 ± 7.4 
67.9 ± 6.8 
70.5 ± 5.4 
68.2 ± 8.7 
69.8 ± 6.5 
65.0 ± 5.9 
66.1 ± 9.1 
65.3 ± 6.9 
Weekday  
Mean    *** 
%age/day ± SD 
Female 
Male 
All 
66.8 ± 7.2 
66.9 ± 11.1 
66.8 ± 8.3 
68.0 ± 7.6 
69.6 ± 9.3 
68.4 ± 8.1 
71.3 ± 6.1 
69.6 ± 10.2 
70.8 ± 7.4 
66.6 ± 6.6 
67.3 ± 10.1 
66.8 ± 7.6 
Weekend  
Mean    *** 
%age/day ± SD 
Female 
Male 
All 
63.2 ± 8.6 
60.2 ± 11.8 
62.4 ± 9.5 
66.2 ± 8.5 
66.9 ± 8.9 
66.4 ± 8.6 
68.4 ± 8.3 
65.7 ± 9.9 
67.6 ± 8.7 
61.2 ± 7.5 
63.2 ± 10.4 
61.8 ± 8.3 
 
It was revealed that the weekly percentage mean time spent in SB (F(3,132) = 11.379, p < 
0.001), weekday percentage mean time spent in SB (F(3,132) = 9.254, p < 0.001) and 
weekend percentage mean time spent in SB (F(3,132) = 5.899, p < 0.001) were all 
significantly different across seasons.  There appeared to be no main effect of gender on 
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weekly mean percentage of wear time in SB (F(1,44) = 0.001, p = 0.978), weekday mean 
percentage of wear time in SB (F(1,44) = 0.007, p = 0.935) or weekend mean percentage of 
wear time in SB (F(1,44) = 0.133, p = 0.718).  Additionally, there appeared to be no 
significant interaction between season and gender for weekly mean percentage of wear 
time spent in SB (F(3,132) = 2.130, p = 0.099), weekday mean percentage of wear time spent 
in SB (F(3,132) = 1.505, p = 0.216) or weekend mean percentage of wear time spent in SB 
(F(3,132) = 1.151, p < 0.331).  
 
Bonferroni corrected post hoc tests revealed that weekly mean percentage of wear time 
spent in SB was significantly higher in winter when compared to all other seasons (winter v 
summer: t(45) = 5.063, p < 0.008; winter v autumn: t(45) = 3.173, p < 0.008; winter v spring: 
t(45) = 5.885, p < 0.008).  Additionally, the mean percentage of wear time spent in SB was 
significantly higher in autumn when compared to summer and spring (autumn v summer: 
t(45) = 3.125, p < 0.008; autumn v spring: t(45) = 3.214, p < 0.008).  There was no significant 
difference between the mean percentage of wear time spent in SB in summer and spring 
(t(45) = 0.142, p = 0.887). 
  
Similarly, the mean percentage of wear time spent in SB was significantly higher on winter 
weekdays when compared to weekdays of all other seasons (winter v summer: t(45) = 
4.661, p < 0.008; winter v autumn: t(45) = 3.695, p < 0.008; winter v spring: t(45) = 5.494, p < 
0.008).  There were no significant differences in time spent in SB on weekdays when 
comparing any other season (summer v autumn: t(45) = 2.145, p = 0.037; summer v spring: 
t(45) = 0.058, p = 0.954; autumn v spring: t(45) = 2.349, p = 0.023). 
 
Bonferroni-corrected post hoc comparisons revealed that mean percentage of wear time 
spent in SB on weekend days was significantly higher in winter when compared to mean 
time spent in SB in summer and spring (winter v summer: t(45) = 3.201, p < 0.008; winter v 
spring: t(45) = 4.495, p < 0.008).  There was also a significant seasonal difference when 
comparing autumn and spring, with participants spending more time in SB over autumn 
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weekends (autumn v spring: t(45) 3.049, p < 0.008).  There were no significant differences in 
mean percentage of wear time spent in SB on weekend days when comparing any other 
season (summer v autumn: t(45) = 2.711, p = 0.009; summer v spring: t(45) = 0.343, p = 
0.733; autumn v winter: t(45) = 0.995, p = 0.325).  
 
Time in Bed and Total Sleep Time 
 
TIB and TST were measured using a self-report daily diary.  The results below are presented 
in minutes/night.  The mean TIB (minutes/night ± SD) for the entire week (Monday-Sunday), 
on weekdays (Monday-Friday) and on weekend days (Saturday and Sunday) for all 
participants who completed at least 1 season are shown in Table 5.13. 
 
TABLE 5.13. MEAN TIME IN BED (MINUTES/NIGHT) OVER THE WEEK (MONDAY-SUNDAY), ON WEEKDAYS (MONDAY-
FRIDAY) AND ON WEEKEND DAYS ONLY (SATURDAY-SUNDAY) FOR EACH SEASON FOR PARTICIPANTS COMPLETING AT 
LEAST 1 SEASON. 
Time in Bed Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly  
Mean 
Min/night ± SD 
Female 
Male 
All 
494.9 ± 53.6 
502.8 ± 60.1 
497.4 ± 55.2 
508.3 ± 64.2 
510.8 ± 63.0 
509.0 ± 63.3 
512.2 ± 52.4 
510.2 ± 61.0 
511.5 ± 54.9 
502.4 ± 56.5 
491.5 ± 54.4  
498.6 ± 55.6 
Weekday  
Mean 
Min/night ± SD 
Female 
Male 
All 
475.7 ± 53.9 
482.7 ± 57.3 
477.9 ± 7.2 
491.3 ± 67.8 
488.1 ± 65.0 
490.4 ± 66.5  
496.5 ± 54.0 
489.0 ± 66.9 
494.0 ± 58.2 
481.7 ± 55.1 
477.2 ± 52.0 
480.1 ± 53.7 
Weekend  
Mean 
Min/night ± SD 
Female 
Male 
All 
539.7 ± 71.4 
561.9 ± 77.1 
546.4 ± 9.7 
551.7 ± 77.3 
570.0 ± 100.5 
557.1 ± 83.4 
550.2 ± 75.4 
570.7 ± 84.8  
557.0 ± 78.6 
553.2 ± 80.4 
527.5 ± 78.4 
544.1 ± 80.1 
 
Both males and females spent significantly more TIB on weekend days when compared to 
week days in every season (Males: summer:  t(19) = 4.869, p < 0.001; autumn: t(16) = 3.433, 
p < 0.01; winter: t(20) = 4.816, p < 0.001; spring: t(24) = 4.227, p < 0.001; Females: summer:  
t(43) = 7.493, p < 0.001; autumn: t(39) = 5.954, p < 0.001; winter: t(41) = 5.250, p < 0.001; 
spring: t(45) = 7.566, p < 0.001).   
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Independent t-tests revealed that there were no significant differences between male’s and 
female’s weekly mean TIB (summer: t(62) = 0.530, p = 0.598; autumn: t(55) = 0.779, p = 
0.892; winter: t(61) = 0.138, p = 0.891; spring: t(69) = 0.785, p = 0.435), weekday TIB 
(summer: t(62) = 0.452, p = 0.653; autumn: t(55) = 0.166, p = 0.869; winter: t(61) = 0.482, p 
= 0.631; spring: t(69) = 0.341, p = 0.734) or TIB on weekend days (summer: t(62) = 1.049, p = 
0.298; autumn: t(55) = 0.747, p = 0.458; winter: t(61) = 0.978, p = 0.332; spring: t(69) = 
1.294, p = 0.200) for all seasons.  
 
A repeated measures ANOVA was used to explore if there were any seasonal changes in 
time spent in bed.  Mean TIB for those who completed 4 seasons and were included in the 
seasonal variation analysis are displayed in Table 5.14. 
 
TABLE 5.14. MEAN TIB (MINUTES/NIGHT) OVER THE WEEK (MONDAY-SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND 
ON WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO COMPLETED ALL 4 SEASONS OF MONITORING. 
ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF SEASONAL VARIATION: *P < 0.05, ** P < 0.01, ***P < 0.001. ‡ 
DENOTES A SIGNIFICANT SEASON * GENDER INTERACTION (P < 0.05). ∏ DENOTES A SIGNIFICANT MAIN GENDER EFFECT 
(P < 0.05). 
Time in Bed Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly 
Mean    ** 
Min/night ± SD 
Female 
Male 
All 
502.8 ± 57.3 
500.4 ± 71.2 
502.1 ± 60.7 
509.7 ± 67.4 
518.2 ± 69.3 
512.1 ± 67.3 
513.7 ± 55.4 
526.0 ± 67.2 
517.2 ± 58.5 
502.1 ± 62.2 
489.0 ± 59.5 
498.4 ± 61.1 
Weekday  
Mean    ** 
Min/night ± SD 
Female 
Male 
All 
484.6 ± 56.3 
478.8 ± 79.9 
483.0 ± 63.0 
492.6 ± 72.0 
495.9 ± 72.0 
493.5 ± 71.2  
499.1 ± 56.3 
504.5 ± 75.8 
500.6 ± 61.6 
479.5 ± 60.5 
471.8 ± 54.9 
477.3 ± 58.5 
Weekend  
Mean    ‡ 
Min/night ± SD 
Female 
Male 
All 
545.8 ± 76.0 
566.3 ± 96.9 
551.6 ± 81.8 
552.7 ± 75.5 
578.3 ± 109.1 
559.9 ± 85.8 
547.8 ± 81.0 
587.3 ± 89.9 
559.0 ± 85.8 
558.5 ± 82.2 
532.1 ± 87.1 
551.1 ± 83.5 
 
It was revealed that there were significant seasonal changes in weekly TIB (F(3,132) = 4.482, 
p < 0.01) and weekday TIB (F(3,132) = 4.258, p < 0.01), however, there was no gender 
interaction (weekly TIB: F(3,132) = 1.185, p = 0.381; weekday TIB: F(3,132) = 0.318, p = 
0.812) or main effect of gender (weekly TIB: F(1,44) = 0.005, p = 0.942; weekday TIB: F(1,44) 
= 0.004, p = 0.947).   
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Bonferroni corrected post hoc tests revealed that weekly TIB was significantly higher in 
winter when compared to spring (winter v spring: t(45) = 3.008, p < 0.008).  There were no 
significant differences in TIB over the week when comparing any other season (summer v 
autumn: t(45) = 1.378, p = 0.175; summer v winter: t(45) = 2.039, p = 0.047; summer v 
spring: t(45) = 0.593, p = 0.556; autumn v winter: t(45) = 1.012, p = 0.317; autumn v spring: 
t(45) = 2.040, p = 0.047).  The same pattern held true for TIB on weekdays, TIB was 
significantly higher in winter when compared to spring (winter v spring: t(45) = 2.914, p < 
0.008).  There were no significant differences in TIB on weekdays when comparing any other 
season (summer v autumn: t(45) = 1.416, p = 0.164; summer v winter: t(45) = 2.221, p = 
0.031; summer v spring: t(45) = 0.842, p = 0.404; autumn v winter: t(45) = 1.272, p = 0.210; 
autumn v spring: t(45) = 2.156, p = 0.036). 
 
When looking at weekend TIB, there were no significant seasonal variations (F(3,132) = 
1.676, p = 0.175) or main effect of gender (F(1,44) = 0.385, p = 0.538), however, there was a 
significant gender interaction (F(3,132) = 3.325, p < 0.05), revealing that patterns of change 
in TIB were different in males and females across the seasons.  These patterns of variation in 
weekend mean for TIB for each season are displayed in Figure 5.4.  There were no 
significant gender differences during any season, however, when females had an increase in 
TIB during spring, males appeared to drastically reduce their TIB.  
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FIGURE 5.4.  GENDER*SEASON INTERACTION PLOT.  MEAN TIB (MINUTES/NIGHT) ON WEEKEND DAYS FOR MALES AND 
FEMALES FOR EACH SEASON 
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Table 5.15 displays mean TST (minutes/night ± SD) for the entire week (Monday-Sunday), on 
weekdays (Monday-Friday) and on weekend days (Saturday and Sunday) for all the 
participants who completed at least 1 season of monitoring. 
 
TABLE 5.15. MEAN TOTAL SLEEP TIME (MINUTES/NIGHT) OVER THE WEEK (MONDAY-SUNDAY), ON WEEKDAYS 
(MONDAY-FRIDAY) AND ON WEEKEND DAYS ONLY (SATURDAY-SUNDAY) FOR ALL PARTICIPANTS WHO COMPLETED AT 
LEAST 1 SEASON. 
Total Sleep Time 
 Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly  
Mean 
Min/night ± SD 
Female 
Male 
All 
435.2 ± 45.0 
451.1 ± 51.3 
440.1 ± 47.2 
455.4 ± 54.2 
435.5 ± 38.4 
449.5 ± 50.5 
455.9 ± 40.6 
446.1 ± 46.0  
452.6 ± 42.4 
444.3 ± 48.8 
432.9 ± 36.5 
440.3 ± 44.9 
Weekday  
Mean 
Min/night ± SD 
Female 
Male 
All 
420.5 ± 43.2 
432.7 ± 52.2  
424.3 ± 46.1 
440.3 ± 56.4  
421.4 ± 54.4 
434.7 ± 56.0 
443.8 ± 40.3 
429.7 ± 50.9 
439.1 ± 44.2 
425.3 ± 48.1 
421.4 ± 40.0 
423.9 ± 45.2 
Weekend  
Mean 
Min/night ± SD 
Female 
Male 
All 
468.6 ± 70.6 
501.9 ± 79.6  
478.6 ± 74.4 
491.9 ± 73.7 
472.0 ± 44.0 
485.9 ± 66.5 
485.9 ± 64.5 
491.0 ± 68.5 
487.6 ± 65.3 
490.5 ± 73.0 
461.9 ± 51.8 
480.4 ± 67.4 
 
Both males and females spent significantly more time sleeping on weekend days when 
compared to week days in every season (Males: summer:  t(19) = 5.218, p < 0.001; autumn: 
t(16) = 2.758, p < 0.05; winter: t(20) = 4.251, p < 0.001; spring: t(24) = 3.817, p < 0.01; 
Females: summer:  t(43) = 5.308, p < 0.001; autumn: t(39) = 4.821, p < 0.001; winter: t(41) = 
4.854, p < 0.001; spring: t(45) = 7.129, p < 0.001).   
 
Independent t-tests revealed that there were no significant differences between male’s and 
female’s mean weekly TST (summer: t(62) = 1.254, p = 0.214; autumn: t(55) = 1.366, p = 
0.178; winter: t(61) = 0.865, p = 0.390; spring: t(69) = 1.017, p = 0.313), weekday TST 
(summer: t(62) = 0.986, p = 0.328; autumn: t(55) = 1.174, p = 0.245; winter: t(61) = 1.195, p 
= 0.237; spring: t(69) = 0.353, p = 0.725) or TST on weekend days (summer: t(62) = 1.732, p = 
0.088; autumn: t(55) = 1.033, p = 0.306; winter: t(61) = 0.289, p = 0.774; spring: t(69) = 
1.732, p = 0.088) for all seasons.   
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A repeated measures ANOVA was used to explore if there were any seasonal changes in 
TST.  Mean TST for those who completed 4 seasons and were included in the seasonal 
variation analysis are displayed in Table 5.16. 
 
TABLE 5.16. MEAN TST (MINUTES/NIGHT) OVER THE WEEK (MONDAY-SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND 
ON WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO COMPLETED ALL 4 SEASONS OF MONITORING. 
ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF SEASONAL VARIATION: *P < 0.05, ** P < 0.01, ***P < 0.001. ‡ 
DENOTES A SIGNIFICANT SEASON * GENDER INTERACTION (P < 0.05). ∏ DENOTES A SIGNIFICANT MAIN GENDER EFFECT 
(P < 0.05). 
Total Sleep Time 
 Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly  
Mean 
Min/night ± SD 
Female 
Male 
All 
437.2 ± 50.1 
440.4 ± 56.0 
438.1 ± 51.2 
457.8 ± 55.9 
431.4 ± 43.2 
450.3 ± 53.4 
456.4 ± 42.9 
445.0 ± 48.5 
453.2 ± 44.3 
447.3 ± 52.7 
422.6 ± 41.3 
440.3 ± 50.6 
Weekday  
Mean    ** 
Min/night ± SD 
Female 
Male 
All 
424.4 ± 46.1 
421.6 ± 58.4 
423.6 ± 49.2 
443.1 ± 58.6 
418.6 ± 62.0 
436.2 ± 60.0 
446.0 ± 41.7 
431.2 ± 57.3 
441.8 ± 46.5 
427.6 ± 49.9 
407.6 ± 43.5 
422.0 ± 48.6 
Weekend  
Mean    ‡ 
Min/night ± SD 
Female 
Male 
All 
467.0 ± 74.8 
497.1 ± 84.8 
475.5 ± 78.0 
492.3 ± 73.9 
465.7 ± 44.7 
484.7 ± 67.5 
481.4 ± 68.4 
483.3 ± 63.0 
481.9 ± 66.2 
496.4 ± 73.5 
459.9 ± 53.8 
486.1 ± 69.9 
 
 
It was revealed that TST over weekdays was significantly different across seasons (F(3,132) = 
4.536, p < 0.01).  However, there appeared to be no seasonal variation in weekly TST 
(F(3,132) = 2.402, p = 0.071) and  weekend TST (F(3,132) = 0.064, p = 0.979).  There was a 
significant gender interaction for TST on weekend days (F(3,132) = 3.169, p < 0.05), implying 
that patterns of change in TST on weekend days over the seasons was different for males 
and females.  The patterns of change in TST on weekend days for males and females are 
displayed in Figure 5.5.  There was no significant gender interaction for weekly TST (F(3,132) 
= 2.387, p = 0.072) or TST on weekdays (F(3,132) = 1.180, p = 0.320) or main effect of gender 
on weekly TST (F(1,44) = 1.065, p = 0.308), weekday TST (F(1,44) = 1.066, p = 0.307) or 
weekend TST (F(1,44) = 0.195, p = 0.661). 
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FIGURE 5.5. GENDER*SEASON INTERACTION PLOT.  MEAN TST (MINUTES/DAY) ON WEEKEND DAYS FOR MALES AND 
FEMALES FOR EACH SEASON 
 
Bonferroni corrected post hoc tests revealed that weekday TST was significantly higher in 
winter when compared to summer and spring (winter v summer: t(45) = 3.396, p < 0.008; 
winter v spring: t(45) = 3.684, p < 0.008).  There were no significant differences in TST on 
weekdays when comparing any other season (summer v autumn: t(45) = 2.116, p = 0.040; 
summer v spring: t(45) = 0.334, p = 0.740; autumn v winter: t(45) = 1.045, p = 0.302; autumn 
v spring: t(45) = 2.386, p = 0.021). 
 
 
 
 
 
 
169 
 
Dietary Intake 
Due to the nature of the FFQ, it was not possible to differentiate between weekday dietary 
intake and weekend dietary intake.  Therefore the means presented are an estimate of 
dietary intake during each season.  The means and standard deviation of energy, 
carbohydrate, protein, fat and alcohol intake for all participants during each season are 
displayed in Table 5.17 by gender and for the sample as a whole.  
 
TABLE 5.17. MEAN AMOUNTS (± STANDARD DEVIATION) OF MACRO-NUTRIENTS DERIVED FROM THE FFQ FROM ALL 
PARTICIPANTS, DISPLAYED FOR EACH SEASON.  ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF GENDER DIFFERENCE: 
*P < 0.05, ** P < 0.01, ***P < 0.001. 
Dietary Data Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Energy  
(mean kcal/ 
day ± SD) 
Female 
Male 
All 
1820.2 ± 633.8 
1997.0 ± 394.3 
1875.4 ± 572.6 
1791.0 ± 807.5 
1985.3 ± 483.8 
1848.9 ± 727.3 
1651.6 ± 421.2 
2104.0 ± 483.7 
1802.4 ± 488.9 
*** 
1775.4 ± 568.8 
2124.6 ± 430.1 
1898.4 ± 547.4 
** 
Carbohydrate 
(mean g/day 
± SD) 
Female 
Male 
All 
221.4 ± 92.5 
241.1 ± 56.6 
227.5 ± 83.0 
224.3 ± 110.3 
233.0 ± 67.8 
226.9 ± 99.0 
206.6 ± 61.5 
239.0 ± 64.5 
217.4 ± 63.9 
215.3 ± 77.3 
249.9 ± 62.3 
227.5 ± 73.8 
Protein 
(mean g/day  
± SD) 
Female 
Male 
All 
82.6 ± 23.5 
90.9 ± 16.3 
85.2 ± 21.6 
77.7 ± 22.8 
95.7 ± 39.9 
83.1 ± 29.8 
* 
71.4 ± 17.7 
93.8 ± 21.9 
78.9 ± 21.8 
*** 
79.1 ± 24.1 
96.8 ± 27.8 
85.3 ± 26.7 
** 
Fat  
(mean g/day  
± SD) 
Female 
Male 
All 
68.7 ± 28.8 
71.9 ± 17.8 
69.7 ± 25.8 
66.8 ± 40.1 
73.0 ± 20.4 
68.7 ± 35.3 
62.0 ± 18.5 
82.7 ± 23.5 
68.9 ± 22.4 
*** 
68.4 ± 27.8 
80.9 ± 21.8 
72.8 ± 26.4 
Alcohol  
(mean g/day  
± SD) 
Female 
Male 
All 
6.2 ± 5.9 
12.1 ± 17.0 
8.0 ± 10.9 
* 
5.8 ± 4.7 
11.1 ± 13.8 
7.4 ± 8.7 
* 
5.5 ± 6.5 
12.9 ± 14.7 
8.0 ± 10.5 
** 
5.5 ± 4.5 
10.7 ± 7.8 
7.4 ± 6.3 
*** 
 
When comparing males and females who completed the summer season, men drank 
significantly more alcohol than females (t(62) = 2.080, p < 0.05).  There were no other 
significant gender differences in diet during the summer (p > 0.05).  When comparing males 
and females who completed the autumn monitoring period, males consumed significantly 
more protein (t(55) = 2.165, p < 0.05) and alcohol (t(55) = 2.173, p < 0.05) when compared 
to the females.  There were no other significant gender differences in diet during the 
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autumn (p > 0.05).  When comparing males and females who completed the winter 
monitoring period, males consumed significantly more calories (t(61) = 3.824, p < 0.001), 
protein (t(61) = 4.379, p < 0.001), fat (t(61) = 3.828, p < 0.001) and alcohol (t(61) = 2.787, p < 
0.01).  There were no other significant gender differences in diet during the autumn (p > 
0.05).  When comparing males and females who completed the spring season, males 
consumed significantly more calories (t(69) = 2.678, p < 0.01), protein (t(69) = 2.797, p < 
0.01) and alcohol (t(69) = 3.536, p < 0.001).  There were no other significant gender 
differences in diet during the spring (p > 0.05).  
 
Table 5.18 displays the means and standard deviations of energy and macro-nutrient intake 
and alcohol consumption during each season for the 46 participants who completed all 4 
seasons of data collection. 
 
TABLE 5.18. MEANS (± STANDARD DEVIATION) OF MACRO-NUTRIENTS DERIVED FROM THE FFQ FROM ALL 
PARTICIPANTS WHO COMPLETED ALL 4 SEASONS OF MONITORING. ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF 
SEASONAL VARIATION: *P < 0.05, ** P < 0.01, ***P < 0.001. ‡ DENOTES A SIGNIFICANT SEASON * GENDER INTERACTION 
(P < 0.05). ∏ DENOTES A SIGNIFICANT MAIN GENDER EFFECT (P < 0.05). 
Dietary Data Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Energy  
(mean kcal/ 
day ± SD) 
Female 
Male 
All 
1699.3 ± 596.2 
2006.7 ± 458.1 
1786.2 ± 573.0 
1733.9 ± 799.9 
1906.3 ± 500.4 
1782.6 ± 726.6 
1623.1 ± 433.1 
1963.6 ± 393.5 
1719.3 ± 445.8 
1649.7 ± 511.6 
1965.5 ± 424.9 
1739.0 ± 504.9 
Carbohydrate 
(mean g/      
day ± SD) 
Female 
Male 
All 
207.8 ± 98.7 
234.0 ± 65.4 
215.2 ± 90.6 
219.7 ± 116.4 
225.8 ± 70.4 
221.4 ± 104.7 
201.6 ± 65.6 
220.7 ± 62.8 
207.0 ± 64.7 
201.7 ± 80.9 
229.8 ± 72.2 
209.6 ± 78.8 
Protein 
(mean g/     ∏ 
day  ± SD) 
Female 
Male 
All 
78.8 ± 22.5 
91.7 ± 18.5 
82.4 ± 22.1 
74.3 ± 21.3 
87.6 ± 25.6 
78.1 ± 23.1 
70.1 ± 18.1 
90.7 ± 17.4 
75.9 ± 20.0 
74.8 ± 22.6 
89.0 ± 19.9 
78.8 ± 22.6 
Fat  
(mean g/       
day  ± SD) 
Female 
Male 
All 
62.9 ± 21.8 
74.5 ± 17.9 
66.2 ± 21.2 
64.1 ± 36.6 
70.5 ± 20.5 
66.0 ± 32.8 
61.1 ± 18.6 
77.8 ± 19.5 
65.9 ± 20.1 
62.3 ± 20.0 
75.8 ± 18.5 
66.1 ± 20.3 
Alcohol  
(mean g/    ∏ 
day  ± SD) 
Female 
Male 
All 
5.8 ± 6.2 
13.6 ± 19.5 
8.0 ± 11.9  
5.4 ± 4.7 
11.7 ± 15.5  
7.2 ± 9.4 
6.0 ± 7.0 
10.8 ± 15.2 
7.4 ± 10.1 
5.1 ± 4.3 
9.7 ± 5.3 
6.4 ± 5.0 
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A repeated measures ANOVA revealed that there were no significant seasonal changes in 
energy (F(1.949, 85.749) = 0.172, p = 0.915), carbohydrate (F(1.796, 79.031) = 0.363, p = 
0.674), protein (F(3, 132) = 1.121, p = 0.343), fat (F(2.066, 90.898) = 0.107, p = 0.956), or 
alcohol intake (F(1.969, 86.651) = 1.173, p = 0.322).  Additionally, in this sample of 46 UK 
adults, there were no significant gender interactions with season for dietary intake (energy: 
F(1.949, 85.749) = 0.380, p = 0.679; carbohydrate: F(1.796, 79.031) = 0.328, p = 0.698; 
protein: F(3, 132) = 0.760, p = 0.518; fat: F(2.066, 90.898) = 0.578, p = 0.568; alcohol: 
F(1.969, 86.651) = 0.790, p = 0.55). 
    
However, a main effect of gender was apparent in protein intake (F(1, 44) = 6.637, p < 0.05) 
and alcohol consumption (F(1, 44) = 5.137, p < 0.05).  When comparing means by gender, 
independent t-tests revealed that males consumed significantly more protein in winter 
(t(44) = 3.497, p < 0.001) and spring (t(44) = 1.996, p < 0.05) when compared to females.  
When looking at alcohol consumption, males consumed significantly more alcohol in 
summer (t(44) = 2.091, p < 0.05), autumn (t(44) = 2.127, p < 0.05) and spring (t(44) = 3.002, 
p < 0.01). 
 
Absolute values of grams of carbohydrates, protein and fat were converted to calories 
(using the Atwater factors (Atwater, 1900) in the following equations) to assess if there 
were any seasonal variation in the percentage of calories derived from carbohydrates, 
protein and fat. 
CHO (g) x 4 = CHO (kcal) 
PRO (g) x 4 = PRO (kcal) 
FAT (g) x 9 = FAT (kcal) 
 
Figure 5.6 displays the mean percentages of calories derived from carbohydrates, protein 
and fat for both males and females across all seasons. 
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FIGURE 5.6. MEAN PERCENTAGE OF CALORIES DERIVED FROM CARBOHYDRATES (CHO), PROTEIN (PRO) AND 
FAT FOR BOTH MALES AND FEMALES WHO COMPLETED ALL 4 SEASONS ACROSS SUMMER (A), AUTUMN (B), 
WINTER (C) AND SPRING (D). 
D 
C 
B 
A 
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A repeated measures ANOVA revealed that there were no significant seasonal changes in 
the percentage of calories derived from carbohydrates (F(3,132) = 1.134, p = 0.338), protein 
(F(3, 132) = 0.694, p = 0.557) or fat (F(3,132) = 1.658, p = 0.179).  In this sample of 46 UK 
adults, there were no significant gender interactions with season for calories derived from 
carbohydrates (F(3, 132) = 1.176, p = 0.322), protein (F(3, 132) = 0.910, p = 0.438) or fat (F(3, 
132) = 0.496, p = 0.686).  Additionally, there were no significant main effect of gender on 
the percentage of calories derived from carbohydrate (F(1, 44) = 2.366, p = 0.131), protein 
(F(1, 44) = 0.034, p = 0.856) or fat (F(1, 44) = 0.285, p = 0.596). 
   
Health Risk Indicators 
Health risk indicators were measured at the beginning of each season.  The results are 
presented below in Table 5.19 for males and females who completed at least 1 season of 
monitoring.   
 
Independent t-tests revealed that there were gender differences in weight, fat percentage 
and waist circumference for every season.  Unsurprisingly, men were significantly heavier 
(summer: t(62) = 4.222, p < 0.001; autumn: t(55) = 3.991, p < 0.001; winter: t(61) = 4.414, p 
< 0.001; spring: t(69) = 4.546, p < 0.001) and had larger waist circumferences (summer: t(62) 
= 2.838, p < 0.01; autumn: t(55) = 3.411, p < 0.01; winter: t(61) = 3.141, p < 0.01; spring: 
t(69) = 3.299, p < 0.01) in comparison to women across all seasons, whereas females had 
significantly higher fat percentages across all seasons (summer: t(62) = 7.567, p < 0.001; 
autumn: t(55) = 6.900, p < 0.001; winter: t(61) = 6.930, p < 0.001; spring: t(69) = 8.106, p < 
0.001).  Naturally, females have higher percentages of essential fat for childbearing 
purposes and other hormonal purposes, therefore these differences were to be expected.   
 
There were no significant gender differences in terms of BMI (summer: t(62) = 0.495, p = 
0.622; autumn: t(55) = 0.555, p = 0.581; winter: t(61) = 0.619, p = 0.538; spring: t(69) = 
0.559, p = 0.578), systolic blood pressure (summer: t(62) = 0.844, p = 0.402; autumn: t(55) = 
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0.734, p = 0.466; winter: t(61) = 0.996, p = 0.323; spring: t(69) = 0.797, p = 0.428) or diastolic 
blood pressure (summer: t(62) = 0.514, p = 0.609; autumn: t(55) = 0.012, p = 0.991; winter: 
t(61) = 0.090, p = 0.929; spring: t(69) = 0.676, p = 0.502).   
 
TABLE 5.19. MEAN WEIGHT, BMI, FAT PERCENTAGE, WAIST CIRCUMFERENCE AND BLOOD PRESSURE FOR BOTH MALES 
AND FEMALES WHO COMPLETED AT LEAST 1 SEASON OF MONITORING.  ASTERISKS DENOTE STATISTICAL SIGNIFICANCE 
OF GENDER DIFFERENCE: *P < 0.05, ** P < 0.01, ***P < 0.001. 
 Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weight 
Mean kg ± SD 
Female 
Male 
All 
67.1 ± 13.3 
82.3 ± 13.8 
71.9 ± 15.1 
*** 
67.8 ± 13.3 
83.1 ± 12.9 
72.3 ± 14.9 
*** 
68.5 ± 14.0 
84.5 ± 12.8 
74.1 ± 15.6 
*** 
68.0 ± 14.5 
84.0 ± 13.3 
73.6 ± 16.0 
*** 
BMI 
Mean ± SD 
Female 
Male 
All 
24.7 ± 4.5 
25.3 ± 3.4 
24.9 ± 4.2 
25.0 ± 4.8 
25.7 ± 2.7 
25.2 ± 4.3 
25.4 ± 5.1 
26.1 ± 3.3 
25.7 ± 4.5 
25.1 ± 5.0 
25.7 ± 3.4 
25.3 ± 4.5 
Fat 
Percentage 
Mean ± SD 
Female 
Male 
All 
33.0 ± 7.1 
19.2 ± 5.9 
28.7 ± 9.3 
*** 
32.7 ± 7.3 
19.2 ± 5.4 
28.7 ± 9.2 
*** 
33.9 ± 7.6 
20.3 ± 5.9 
29.2 ± 9.6 
*** 
33.0 ± 7.2 
19.6 ± 5.5 
28.3 ± 9.2 
*** 
Waist 
Circumference 
Mean cm ± SD 
Female 
Male 
All 
81.6 ± 9.0 
88.2 ± 7.4 
83.7 ± 9.1 
** 
81.4 ± 8.8 
89.7 ± 7.4 
83.9 ± 9.2 
** 
82.1 ± 9.6 
90.3 ± 7.1 
85.0 ± 9.6 
** 
81.7 ± 9.6 
89.0 ± 7.5 
84.3 ± 9.5 
** 
Systolic BP 
Mean ± SD 
Female 
Male 
All 
126.9 ± 14.9 
130.2 ± 13.8 
127.9 ± 14.5 
125.1 ± 17.0 
128.4 ± 10.9 
126.1 ± 15.4 
126.3 ± 13.5 
129.8 ± 13.2 
127.5 ± 13.4 
126.4 ± 13.1 
128.8 ± 11.5 
127.2 ± 12.6 
Diastolic BP 
Mean ± SD 
Female 
Male 
All 
82.0 ± 10.8 
83.5 ± 10.7 
82.4 ± 10.7 
82.5 ± 12.6 
82.5 ± 12.5 
82.5 ± 12.5 
84.5 ± 10.5 
83.6 ± 11.5 
84.2 ± 10.8 
82.8 ± 10.5 
84.4 ± 7.4 
83.4 ± 9.5 
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As with the lifestyle behaviours, a repeated measures ANOVA was used to explore if there 
were any seasonal changes in the health risk indicators.  Means (± SD) for those who 
completed all 4 seasons and were included in the seasonal variation analysis are displayed in 
Table 5.20.      
TABLE 5.20. MEANS (± STANDARD DEVIATION) OF HEALTH RISK INDICATORS FOR PARTICIPANTS WHO COMPLETED ALL 4 
SEASONS OF MONITORING. ASTERISKS DENOTE STATISTICAL SIGNIFICANCE OF SEASONAL VARIATION: *P < 0.05, ** P < 
0.01, ***P < 0.001. ‡ DENOTES A SIGNIFICANT SEASON * GENDER INTERACTION (P < 0.05). ∏ DENOTES A SIGNIFICANT 
MAIN GENDER EFFECT (P < 0.05). 
 Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weight ∏ 
Mean kg ± SD 
Female 
Male 
All 
65.7 ± 12.2 
79.4 ± 9.9 
69.6 ± 13.1 
66.3 ± 12.0 
79.8 ± 9.7 
70.1 ± 12.8 
67.0 ± 12.3 
80.5 ± 10.9 
70.9 ± 13.3 
66.5 ± 12.9 
79.7 ± 9.7 
70.3 ± 13.4 
BMI 
Mean ± SD 
Female 
Male 
All 
24.5 ± 4.6 
25.0 ± 2.9 
24.7 ± 4.2 
24.7 ± 4.6 
25.1 ± 2.7 
24.8 ± 4.1 
25.0 ± 4.7 
25.3 ± 3.0 
25.1 ± 4.2 
24.8 ± 4.8 
25.1 ± 3.0 
24.9 ± 4.4 
Fat Percentage ∏ 
Mean ± SD 
Female 
Male 
All 
33.0 ± 7.2 
18.5 ± 5.7 
28.9 ± 9.5 
32.9 ± 7.0 
18.7 ± 5.8 
28.9 ± 9.2 
33.0 ± 7.4 
19.0 ± 7.0 
29.0 ± 9.6 
33.0 ± 6.6 
18.3 ± 6.0 
28.9 ± 9.3 
Waist 
Circumference ∏ 
Mean cm ± SD 
Female 
Male 
All 
80.7 ± 8.2 
88.8 ± 7.1 
83.0 ± 8.7 
80.9 ± 8.3 
89.1 ± 7.1 
83.2 ± 8.8 
81.5 ± 9.0 
89.3 ± 7.3 
83.7 ± 9.1 
80.9 ± 8.5 
88.7 ± 7.2 
83.2 ± 8.8 
Systolic BP 
Mean ± SD 
Female 
Male 
All 
127.2 ± 15.4 
129.8 ± 16.2 
128.0 ± 15.5 
125.4 ± 16.8 
127.9 ± 12.4 
126.1 ± 15.6 
126.6 ± 14.1 
130.0 ± 16.2 
127.5 ± 14.6 
126.8 ± 13.1 
128.9 ± 13.0 
127.4 ± 13.0 
Diastolic BP 
Mean ± SD 
Female 
Male 
All 
82.2 ± 11.3 
84.4 ± 12.8 
82.9 ± 11.6 
83.1 ± 12.2 
84.0 ± 12.2 
83.4 ± 12.1 
85.2 ± 10.4 
85.6 ± 13.9 
85.0 ± 11.3 
83.9 ± 10.4 
85.5 ± 9.6 
84.4 ± 10.0 
 
There appeared to be no significant seasonal variation in weight (F(3,132) = 2.491, p = 
0.063), BMI (F(3,132) = 2.233, p = 0.087), fat percentage (F(3,132) = 0.137, p = 0.938), waist 
circumference (F(3,132) = 1.419, p = 0.240), systolic (F(3,132) = 1.589, p = 0.195) or diastolic 
blood pressure (F(3,132) = 0.877, p = 0.455).  Additionally, there were no significant gender 
interactions with season for weight (F(3,132) = 0.084, p = 0.969), BMI (F(3,132) = 0.117, p = 
0.950), fat percentage (F(3,132) = 0.329, p = 0.805), waist circumference (F(3,132) = 0.359, p 
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= 0.783), systolic (F(3,132) = 0.191, p = 0.902) or diastolic blood pressure (F(3,132) = 0.694, p 
= 0.557).   
 
There were significant gender effects, as expected, for weight (F(1, 44) = 12.472, p < 0.001), 
fat percentage (F(1, 44) = 43.725, p < 0.001) and waist circumference (F(1, 44) = 9.036, p < 
0.01).  Independent t-tests revealed that in the sample of 46 participants who completed all 
4 seasons there were significant gender differences in every season for weight (summer: 
t(44) = 3.581, p < 0.001; autumn: t(44) = 3.634, p < 0.001; winter: t(44) = 3.442, p < 0.001; 
spring: t(44) = 3.341, p < 0.01), fat percentage (summer: t(44) = 6.483, p < 0.001; autumn: 
t(44) = 6.454, p < 0.001; winter: t(44) = 5.887, p < 0.001; spring: t(44) = 6.967, p < 0.001) and 
waist circumference (summer: t(44) = 3.121, p < 0.01; autumn: t(44) = 3.129, p < 0.01; 
winter: t(44) = 2.729, p < 0.01; spring: t(44) = 2.942, p < 0.01).    
 
Discussion 
The present study examined the seasonal variation of physical activity (LIPA and MVPA), SB, 
sleep and dietary intake in a sample of UK adults.  In line with previous research, our results 
demonstrate a seasonal variation in PA 134, 228, 247, 299, 390, however this study progressed 
previous research by objectively monitoring PA and SB with an accelerometer.  In addition 
to seasonal variation in LIPA, it was apparent that SB also varied across the seasons.  This 
study also used self-report measures to assess TIB and TST and found a seasonal variation in 
TIB.  Finally, a FFQ was used to assess dietary intake, however, no seasonal variation was 
found in energy, carbohydrate, protein and fat intake or alcohol consumption in this UK 
healthy adult sample.  
 
Using an accelerometer, LIPA, MVPA and SB could be monitored simultaneously.  This study 
demonstrates that there was a significant seasonal variation in the amount of time that 
participants wore the accelerometer, wearing it significantly longer in summer and spring in 
comparison to winter.  In order to eliminate wear time effects, time in PA and SB were 
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converted into percentages of wear time for the analyses.  The total activity minutes across 
the entire week (Monday-Sunday) varied significantly across season, with the sample being 
significantly less active in the winter when compared to summer, autumn and spring.  
Additionally, time spent being active in autumn was significantly lower in comparison to 
summer and spring.  When examining seasonal variation in different intensities of PA, it 
became apparent that MVPA remained stable across the seasons, however, LIPA was 
significantly lower in winter in comparison to all other seasons and also significantly lower in 
autumn in comparison to summer and spring, with the most LIPA being done in summer.  
There were distinct seasonal differences observed in SB too, with the most SB being 
observed in the winter and the least in spring.  The amount of SB observed in winter and 
autumn was significantly higher than that observed in summer and spring.   
 
It is difficult to make direct comparisons with previous research as this is the first study to 
objectively monitor both PA and SB using an accelerometer in UK adults.  However, seasonal 
variation in PA has been examined previously, using different methods and it was found, 
using self-report measures, that UK individuals participate in more bouts of PA in the peak 
summer month of July when compared with the winter months 390.  Additionally, UK adults 
have been shown to exhibit higher step counts in summer months when compared to 
winter months 134.  This study adds a further dimension to these previous studies by 
objectively measuring PA with an ActiGraph accelerometer allowing conclusions to be made 
about how the total time spent active, time spent in the different intensities of PA and time 
spent in sedentary pursuits changes over the seasons.   
 
The ActiGraph accelerometer is a widely used accelerometer 141, 142, 143, 243, 245 and the cut-
points used to differentiate intensities of PA are the commonly used Freedson cut points 110 
(100-1951 counts/minute (cpm) classified as LIPA and cpm ≥1952 classified as MVPA).  A 
widely used cut point for ActiGraph accelerometers, activity counts <100 cpm, was used to 
classify SB 76.  Using an objective measurement tool to quantify PA, this study supports 
previous findings that season affects UK adult’s PA levels 64, 134, 390.  This sample of UK adults 
spent most time being active in the summer and spring months when compared to the 
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autumn and winter months.  Uitenbroek 390 reported that more Scottish adults (32%) self 
reported participating in bouts of PA for 20 minutes or longer at least 3 times a week during 
summer in comparison with the winter months (23%).   Using a pedometer, Hamilton et al 
134 and Clemes et al 64 found that UK adults significantly reduced their step counts in winter 
in comparison to summer.  A study by Tudor-Locke et al 386 monitored step counts using 
pedometers in 23 American adults for 365 consecutive days.  The findings were similar to 
those reported by Hamilton et al 134 with step counts being significantly higher in the 
summer in comparison to the winter.  Similar results have been found in studies using self-
report methods of assessing PA in America 228, 247, 299 and Canada 251 with self reported PA 
levels being significantly higher in spring and summer in comparison to winter.  However, 
none of these studies incorporated a measure of sedentary time.  This is the first study to 
indicate that not only PA, but SB appears to be affected by season, with highest levels of PA 
observed in the summer and spring and the highest levels of SB observed in the winter.  This 
study also goes a step further to identify that the type of activity most affected by season is 
LIPA, with MVPA being less affected by seasons.  
 
The majority of activity minutes were spent in LIPA.  For this sample of UK adults, 
significantly more time was spent in LIPA in the summer and spring months in comparison 
to the autumn and winter months.  LIPA is characterised as activities that do not require too 
much effort, such as slow walking, strolling, domestic or occupational tasks such as ironing, 
washing dishes etc 275.  This sample may take more strolls in the summer and the spring 
when the daylight hours are longer and weather is warmer; this would support the findings 
of more steps being undertaken in summer reported in the pedometer studies of Hamilton 
et al 134 and Clemes et al 64.   
 
In this sample of UK adults, time spent in MVPA remained fairly stable throughout the year.  
However, this was an active sample with males averaging 49 mins/day and females 
averaging 36 mins/day of MVPA.  It may be that MVPA is accumulated within their daily 
routine which is not affected by season.  Matthews et al 247 reported a significant increase in 
PA in the warmer months (summer and spring) as a result of increased participation in yard 
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work and exercise or recreational activities.  It is worth noting that the waist worn 
accelerometers do not calculate energy expenditure and cannot record activities such as 
cycling or upper body movements accurately 243, it is therefore possible that the 
accelerometers did not register higher intensity activities due to the nature of the activity.   
Though there were no statistically significant gender differences in MVPA, the female 
sample followed the expected pattern of MVPA being lowest in the winter months.  
However, in the male sample, MVPA was at its highest during the winter months, although 
there was small variation between the seasons.  In this sample men did participate in 
significantly more MVPA than women, a finding which has been found by the Health Survey 
for England 76.  However, it is important to note that with this current sample, both males 
and females averaged over 30 minutes/day of MVPA, showing that they were maintaining 
healthy activity levels.  A study by Hagströmer et al 126 found that American males also did 
significantly more objectively measured MVPA in comparison to American females. 
 
Though SB is a rapidly growing area of interest for health scientists, seasonal variation in this 
behaviour, including sleep, has not previously been investigated.  This study demonstrated 
evidence of seasonal variation in SB.  The highest amount of SB was recorded in winter, 
being significantly higher in winter in comparison to all other seasons.  Additionally, the SB 
recorded in autumn was also significantly higher to that recorded in summer and spring.  
Whilst MVPA remained stable across the seasons, it appears that participants were 
replacing LIPA with SB in winter and autumn.  This sample appeared to spend a large 
proportion of their waking hours in SB, averaging over 10 hours/day on both week days and 
weekend days across all seasons ranging from 65.3% of wear time in spring to 69.8% in 
winter.  Studies measuring SB using an accelerometer and the same cut point of <100 cpm 
have been conducted in Australia 146, Sweden 127 and Canada 68.  Healy and colleagues 146 
found that Australian adults typically spent 57% of accelerometer wear time in SB, whereas 
Hagströmer et al 127 found the Swedish population spent 55.3% of accelerometer wear time 
in sedentary pursuits.  Findings from Colley and colleagues 68 in Canada found similar results 
to the present study, with Canadian adults typically spending 69% of waking hours in SB.    
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The sample recruited for this study were an active population participating in excess of 30 
minutes/day of MVPA.   However, even those who meet the government PA guidelines can 
suffer from the detriments of prolonged SB 133.  Healy and colleagues 144 demonstrated that 
even Australian adults that met government guidelines of PA still demonstrated significant 
dose-response detriments on television time on waist circumference, blood pressure and 
plasma glucose.  The Department of Health have recognised the importance of people 
reducing SB in their daily lives by incorporating recommendations to reduce SB in their PA 
guideline report, Start Active, Stay Active 86 (pp. 32-37).  It is vital to understand how much 
time spent in SB becomes detrimental to health and understand whether people are 
consistently inactive across days of the week and the seasons.  Though this study found 
small, but positive associations between SB and diastolic BP and body fat percentage, there 
is a wealth of evidence, using larger sample sizes that have found that increased time in SB 
is detrimental to health 133, 145, 146.  As mentioned in chapter 4 (pp. 108), there were 
weaknesses with the sample size of this study and therefore, the results from previous, 
larger studies should be acknowledged over the inconsistent results found within this thesis 
in regards to SB and health.     
 
A recent study by Healy et al 143 advocated that in order to attain a full understanding of SB, 
a measure of sleep behaviour needs to be included.  The present study did this by including 
a daily sleep diary for participants to record the time they got into bed at night and the time 
they got out of bed in the morning as well as the time they fell asleep and the time they 
woke up.  From this information TST and TIB could be calculated.  In addition to wake time 
SB being different across seasons, TIB appeared to be affected by season, with it being 
significantly higher in the winter when compared to spring.  However, the amount of time 
participants spent sleeping appeared to remain the same across the seasons.  There is 
evidence that suggests low levels of light bring about reduced alertness which may in turn 
cause sleepiness 351.  The shorter daylight hours experienced in the winter, may promote 
going to bed early, but not necessarily falling to sleep early.  To date, there is no research 
which has investigated seasonality in SB which includes a measure of sleep. However, a 
small study by Okamoto-Mizuno and Tsuzuki 283 did identify that wakefulness, assessed by 
wrist actigraphy, increased in winter months, which is different to the findings of this study.  
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However, the sample size was just 19 elderly participants in Japan and therefore cannot be 
generalised to UK adults. 
 
Seasonal variation in dietary intake is not a new concept 228, 319, 333, 334, however, results from 
previous studies about the pattern of association have been inconsistent.  Additionally, the 
effect of season on diet in UK adults had not been previously investigated. This study 
demonstrated no significant seasonal effects on dietary intake in terms of carbohydrate, 
protein, fat, total energy and alcohol consumption.  Results from this current study appear 
to add to the already inconsistent results in this area of research.  Shahar and colleagues 333 
evaluated the effect of season on dietary intake using a semi-quantitative FFQ in a sample of 
94 male industrial employees in Israel.  Total energy intake did not differ significantly, 
however fat intake significantly increased in winter when compared with summer.  Though 
the measurement tool used in Shahar et al’s study was similar to the one used in the current 
study, there are a few differences which may account for the differences in results.  Shahar 
et al’s study was based in Israel using factory workers, it may be that this sample were of 
lower SES than the UK sample of predominantly white collar workers.  Research has shown 
that diet is affected by socio economic status and occupation 10.  It may be that foods 
available to this population in the winter months are those higher in fats.  Additionally, the 
sample was considerably larger than the one used in the current study.  It is possible that 
the larger sample of Israeli participants were more diverse than the smaller sample of 
healthy, UK volunteers. The larger sample will also result in more statistical power to 
identify potentially significant differences across the seasons.   
 
In Massachusetts, USA, Ma et al 228 used three 24-hour dietary recalls to assess seasonal 
variation in food intake in a sample of 593 predominantly overweight participants.  They 
reported that daily caloric intake during fall was higher by 86 kcal/day when compared with 
spring.  Additionally there were only marginal seasonal variations in protein and 
carbohydrate, but fat intake was significantly higher in fall when compared to winter and to 
spring.  Ma and colleagues 228 noted that seasonal variation in diet was more noticeable in 
male, middle-aged, non-white and less educated subjects.  The present sample of 46 UK 
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adults were all white and consisted of just 13 males, therefore it may have been too small 
and similar for seasonal variations to be identified.  Additionally, Ma et al 228 used 24-hour 
dietary recalls to assess dietary intake in comparison to the FFQ used in the present study, 
therefore direct comparisons are difficult to make.  It is possible that participants more 
accurately recalled their dietary intake at that current time of year using the 24-hour dietary 
recall.   Kristal et al 202 discovered in their study that when individuals were asked to recall 
diet in the very recent past, their memory is reasonably accurate, however, after just a few 
days, memory of diet deteriorates and recall of their past diet is formed on the basis of 
beliefs about their usual diet. 
 
Rossato and colleagues 319 used six 24-hour dietary recalls to assess the effect of season on 
dietary intake in 162 adults in Brazil.  This research group found that carbohydrate intake 
was significantly higher in summer when compared to other months, whilst total fat intake 
was lower.  This study used the same method as Ma et al 228 and found significant results, it 
is possible that the 24-hour dietary recall method provides more accurate information on 
current diet in comparison to a FFQ.  Additionally, the sample sizes used in these studies 
were significantly larger and therefore may be more powerful to identify subtle, but 
significant, seasonal variations.   
 
Comparisons between the present study and others conducted around the world are 
important, however, it is vital to consider that there will be large differences in factors 
influencing the findings.  Not only were the methods and sample sizes different, but the 
locations were all different.  The different locations around the world have very different 
climates, cultures and availability of foods.  Since different results were found in the current 
study in comparison to previous work conducted in Israel, Brazil and America, it is important 
for more studies to be conducted in the UK to fully understand the effect of season on 
dietary intake in this context.  
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This study did find a main effect of gender on dietary intake, in terms of protein intake and 
alcohol consumption.  Dietary reference values (DRV) for nutrients do differ for males and 
females 69, therefore, these results are to be expected.  It is interesting to report that there 
were no gender differences in energy intake.  However, in chapter 4 when comparing 
energy intake of males and females in a larger overall sample (n = 72, 35% male), males 
consumed significantly more calories than females (2169.4 v 1798.2).  It may be that with a 
smaller sample size there is not enough statistical power to observe a gender difference.  In 
this sample, the males did consume more calories in comparison to females, however, not 
significantly so due to the large standard deviations associated with the energy intake 
variable.  DRV for energy are 2000 kcals for females and 2500 kcals for males.  This study 
found that both males and females were consuming less than these recommendations and 
are consuming similar amounts.  Either this sample were potentially under eating or the 
EPIC FFQ under reports calorie intake, a finding which has been previously experienced by 
research groups using FFQs.  When using doubly-labelled water as a reference method, 
Sawaya et al 323 and Kroke et al 203 found FFQs to under report energy intake by 16-28%.  A 
potential reason for the low amount of energy recorded by the FFQ is that it is a self-report 
method which relies on participant’s memory and honesty and may be subject to bias.  The 
participants were asked to record their diet as it was for the current season, however, this 
relies on them recalling usual eating habits potentially over the last few months, which may 
be difficult to recall.  Many health messages, including healthy eating initiatives (Healthy 
Living Initiative, Change4Life) are promoted in today’s society and people may under report 
their intake to provide more socially desired results 393.     
 
In this study, protein and alcohol intake significantly differed between males and females.  
The Dietary Reference Values for Food Energy and Nutrients for the UK, compiled by COMA 
reported Reference Nutrient Intakes (RNI) for protein for both males and females, which 
were 55g and 45g a day, respectively.  This study reported mean values between 91-97g and 
71-83g a day for males and females, respectively.  Bingham et al 30 also found that the EPIC 
FFQ significantly overestimated protein and fat intake.  The dietary reference value for fat is 
33% of daily energy intake, which equates to about 95g for males and 70g for females 69.  
With no seasonal variation in fat intake, both men and women reported mean fat intakes of 
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34% a day.  The findings from this sample suggest that both men and women are reporting 
consuming almost double the amount of protein recommended, but are reporting healthy 
consumption levels of fat in their diets.  However, the differences in protein intake, may also 
be a result of overestimation using the FFQ.       
 
Government guidelines suggest that men should not regularly drink more than 3-4 units of 
alcohol/day and women should not regularly drink more than 2-3 units alcohol/day 163.  In 
the UK, a unit is equivalent to 8g of alcohol and therefore men should not exceed 24-32 
g/day and women should not exceed 16-24 g/day.  In the current sample of adults, both 
males and females reported alcohol consumption levels below these government 
guidelines.  However, there were significant gender differences in alcohol consumption with 
females consuming an average daily intake of 5.5-6.2 g and males 10.7-12.9 g.  Though 
seasonal differences were not statistically significant, the greatest alcohol consumption was 
seen over the summer and winter months.  The pleasant weather and warmer temperatures 
in the summer may encourage more outside social events which involve drinking and the 
Christmas holidays and New Year celebrations may encourage high alcohol consumption in 
the winter months.  However, this is speculation and there is no evidence to confirm these 
possibilities to explaining increased alcohol consumption over the summer and winter. 
 
With a marked increase in overweight and obesity in England 268, this study aimed to 
identify seasonal variation in lifestyle behaviours that have an impact on the energy balance 
equation.  The study found that LIPA, SB and TIB were all affected by season, with 
participants demonstrating the largest amounts of LIPA in summer and spring and the 
highest amounts of SB and TIB in autumn and winter.  There were no seasonal variations in 
terms of dietary intake or MVPA.  Despite the seasonal variations in activity, there were no 
significant variations in weight, BMI, fat percentage, waist circumference, systolic or 
diastolic blood pressure across seasons.  However, weight, BMI, fat percentage, waist 
circumference and diastolic blood pressure were all at the highest in winter, when TIB and 
SB levels were at the highest and LIPA were at the lowest.  It may be that sample was not 
large enough to pick up a statistically significant difference.  Additionally, a review by 
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Donnelly et al 90 summarises the evidence which supports moderate intensity PA between 
150-250 minutes/week to be effective for preventing weight gain and only greater amounts 
(> 250 minutes/week) of moderate intensity PA will elicit significant weight loss.  Moderate-
intensity PA between 150 and 250 minutes/week will improve weight loss in studies that 
use moderate diet restriction.  However, there were no seasonal variations in MVPA or 
dietary intake and therefore the lack of significant variation in weight, BMI and fat 
percentage are not surprising.     
 
In summary, this study observed that LIPA, SB and TIB were affected by season, whereby 
MVPA, TST and dietary intake appeared to have no seasonal variation.  During the summer 
and spring participants participated in the highest amounts of LIPA and the least amounts of 
SB.  In contrast, participant’s levels of SB and TIB were observed to increase in autumn and 
winter, during the same months LIPA dropped to the lowest values.  It is vitally important 
that the effect of seasonality is fully understood because results of studies investigating PA, 
SB, sleep and dietary patterns may be dependent on the season in which the data were 
collected.  Secondly, past research has suggested that the effects of exercise and the 
benefits of a healthy, balanced diet are only maintained as long as the PA 1, 233, 404 and 
dietary intake 1, 84 are continued.  With evidence demonstrating that both SB and sleep 
duration can have an effect on health, it is vital that these behaviours are also monitored to 
identify the long term patterns of these behaviours. 
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CHAPTER 6                 GENERAL DISCUSSION 
 
This thesis aimed to increase our understanding of the association between multiple 
lifestyle behaviours PA, SB (including a measure of sleep) and diet on energy balance and to 
understand daily and seasonal variations of these behaviours in working-aged adults.  In 
order to achieve this, the thesis has the following objectives: 
• To assess the feasibility of simultaneously monitoring multiple lifestyle 
behaviours (PA, SB, sleep and diet) in a sample of UK adults using previously 
validated methods. 
• To investigate the associations of these lifestyle behaviours on indicators for 
obesity and subsequent poor health (weight, BMI, body fat percentage, waist 
circumference and blood pressure). 
• To understand the patterns of these lifestyle behaviours and variations over 
different days of the week. 
• To increase our understanding of seasonal variation in lifestyle behaviours by 
examining these behaviours longitudinally in the same sample over a one year 
period. 
 
This chapter summarises the main findings reported within this thesis, contextualises the 
importance of these findings, highlights strengths and limitations of the work, suggests 
directions for future research and provides some general conclusions.   
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                  SUMMARY OF FINDINGS 
 
There is a wealth of evidence on the benefits of PA for health 12, 139, 191, 278, 366, 399, and a 
growing body of literature demonstrating the detrimental effects of prolonged SB 88, 102, 182, 
217, 287, 310.  Sleep is a vital component of a healthy lifestyle, however, restricted sleep and 
long sleep hours have also been shown to be harmful to health 6, 9, 47, 49, 115, 121.  Additionally, 
diet has been shown repeatedly to be a determining factor in health 71, 214, 236, 284, 303.  
Though these behaviours have all been shown to have independent effects on health, they 
occur in unison to each other, therefore it is vital these behaviours are monitored 
simultaneously to see how they vary and affect each other.  This is the first study to 
simultaneously monitor PA, SB, sleep and dietary intake in a group of UK adults.  The aim of 
this thesis was to increase our understanding of the association between multiple lifestyle 
behaviours (PA, SB, sleep and diet) on health and to understand daily and seasonal 
variations of these behaviours in working-aged adults.  In doing this, it was possible to 
investigate how these behaviours interact with one another and what effect they have on 
indicators for poor health (weight, BMI, body fat, waist circumference and blood pressure), 
and also to identify the patterns of these behaviours over different days of the week and 
season of the year.    
 
To assess the feasibility of simultaneously monitoring multiple lifestyle behaviours (PA, SB, 
sleep and diet) in a sample of UK adults using previously validated methods. 
With monitoring 4 different behaviours concurrently, a lot of burden is placed on the 
participant which is depicted by the dropout rate, with 76% of the 95 participants 
completing their first monitoring period.  When monitoring these 4 behaviours concurrently 
over all 4 seasons of the year, a greater amount of burden is placed on the individual.  This 
was demonstrated by the high attrition rates experienced over the course of the 
longitudinal study, with only 49% of the 95 participants who consented to the study 
completing the protocol over all 4 seasons.  Additionally, this study asked for volunteers and 
therefore recruited participants who were more likely to be active and keen to learn more 
about their lifestyles in comparison with the general population.  Therefore, some caution 
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should be taken with these results due to the high dropout rates and the volunteer sample.  
However, this limitation is common to similar, longitudinal studies which rely on volunteer 
samples.  High attrition rates and small sample sizes are a common characteristic of 
longitudinal studies where the participant burden is increased.  This is demonstrated in 
Tudor-Locke et al’s 386 longitudinal study which required wearing a pedometer and 
recording step counts for 365 consecutive days and had a small sample of 23 adults.  
 
 
To investigate the associations of these lifestyle behaviours on indicators for poor health 
(weight, BMI, body fat percentage, waist circumference and blood pressure). 
Lifestyle behaviours such as PA, SB, sleep and dietary intake have all been shown to be 
independently related to morbidity and mortality in numerous studies, but few studies have 
investigated the combined impact of these behaviours.  Khaw et al 188 examined the 
combined impact of not smoking, not being physically inactive, having a moderate alcohol 
intake, and having a high fruit and vegetable intake on mortality among UK men and women 
aged 45 to 79 years followed up for about 11 years. Compared to those who had 4 positive 
health behaviours, the  relative risks for those who had three, two, one and zero were 1.39, 
1.95, 2.52 and 4.04 (p < 0.001 for trend), respectively.  The study concluded that there was a 
strong trend of decreasing mortality risk associated with an increasing number of positive 
health behaviours.  Kvaavik et al 207 investigated the individual and combined effect of PA, 
diet, smoking and alcohol on mortality in a large cohort of British adults.  They concluded 
that the combined effect of these poor health behaviours was substantial, with those who 
exhibited all 4 poor health behaviours being 3 times at risk of CVD and cancer mortality and 
4 times the risk of all-cause mortality in comparison to those who had no poor health 
behaviours.  These studies identified risk of poor health behaviours on mortality, however 
using self-report data from the European Prospective Investigation of Cancer (EPIC), Myint 
et al 267 investigated the impact of four health behaviours (not smoking, not being physically 
inactive, having a moderate alcohol intake, and having a high fruit and vegetable intake) on 
stroke incidence in UK adults.  Compared to those who had 4 positive health behaviours, the 
relative risks for stroke were 1.15 for three behaviours, 1.58 for two, 2.18 for one and 2.31 
for none (p < 0.001 for trend).  These show the importance of investigating multiple 
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behaviours on the indicators for poor health, as combined poor behaviours appear to have a 
larger effect on both morbidity and mortality.           
 
Using the data collected for this thesis from the 72 participants who completed their initial 
monitoring period, regression analyses were conducted to assess how these behaviours 
impacted on health parameter readings.  It became apparent that age and gender (and 
smoking status for blood pressure) had the highest association with BMI, body fat 
percentage, waist circumference and blood pressure, however, some behaviours were also 
shown to be associated.  In line with much of the literature, an increase in MVPA was shown 
to be associated with a reduction in BMI 170, 341, body fat percentage 170, 315 and waist 
circumference 170, 321.  However, recent research suggests that LIPA can also be beneficial for 
health.  Healy et al 142 found that LIPA can have favourable effects on blood glucose levels, 
with SB having a detrimental association on blood glucose.  Although this study did not 
measure blood glucose levels, the present findings showed increases in LIPA to be 
associated with an increase in BMI, fat percentage and diastolic blood pressure and 
increases in SB were associated with decreases in BMI, fat percentage and diastolic blood 
pressure.  These results appear to contradict much of the literature which has found 
prolonged SB to be detrimental to health 95, 133, 144.  There is evidence to suggest that there is 
a dose response relationship with exercise and health outcomes 92, 198, 321, it may be that 
in an already active and reasonably healthy sample such as the one studied here, that MVPA 
plays a more important role than LIPA and SB in its association with health outcomes.  
However, caution must be taken when interpreting these results due to the small sample 
size and the large number of variables, which accounted for a small amount of power (63%) 
in these analyses.   
 
To understand the patterns of these lifestyle behaviours and variations over different days of 
the week. 
Looking at day of the week variations, this study found that LIPA, SB and TIB significantly 
differed on different days of the week, with MVPA and TST remaining stable throughout the 
week.  LIPA was significantly higher over weekends when compared with weekday LIPA and 
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when looking at individual days, this sample spent the least amount of time in LIPA on a 
Wednesday and the most amount of time on a Sunday.  When looking at SB, the opposite 
pattern to LIPA occurred, with time spent in SB being significantly lower over the weekends 
in comparison to the weekdays.  Time spent being sedentary was significantly lower on 
Sunday in comparison to Tuesday, Wednesday, Thursday and Friday.  Although SB was 
significantly lower over the weekends, particularly Sunday, these participants spent 
significantly more time in bed on Sunday, which may cancel out the benefits of the reduced 
wake time SB.  Though, not significantly different, total sleep time also tended to be higher 
on a Sunday.   
 
Day of the week effects on PA have been examined previously using pedometers to monitor 
step counts 64, 134, 386.  These previous studies have found that step counts in US adults were 
greater during week days in comparison to weekend days 386 and that UK adults significantly 
reduce their step counts on a Sunday in comparison to the rest of the week 64, 134.  The 
results from this study appear to contradict what those have found previously, as LIPA was 
found to be significantly higher over the weekends, with significantly reduced SB over the 
weekends.  As this was a sample who were predominantly office based (74%) workers who 
work Monday to Friday, you would expect SB to be high on the weekdays as modern day 
office environments promote SB, with sit down workstations, advancements in 
communications such as email and telephones, all of which eliminate the need for energy 
expenditure.  This was demonstrated by the large proportion of SB accumulated (68.5%, 
12.3 hours) by the office workers during wake hours over weekdays.  The rest of the sample 
(26%) were classed as blue-collar workers doing manual jobs.  However, with advancements 
in technology, there are devices in the workplace which have reduced the physical demands 
on employees.  This is apparent as the blue-collared workers also accumulated large 
proportions of SB (68.3%, 12.5 hours) on week days.  For the sample as a whole, although 
high proportions of the day were spent in SB, this population were active individuals, 
averaging 40.3 mins/day of MVPA.  With an active population, it may be that they enjoy 
being physically active, but work environments constrain them and they therefore increase 
their activity levels over the weekend, as demonstrated by increased time spent in LIPA and 
reduced time spent sedentary on weekend days.  An additional finding from this study was 
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that though wake time SB decreased over a weekend, the time participants spent in bed 
was significantly higher on a Sunday in comparison to Thursday, Friday and Saturday.  It may 
be that work commitments during the week prohibit longer time in bed, however, over the 
weekend, without work commitments, people are free to lie in bed and potentially go to 
bed earlier on a Sunday to prepare for the working week ahead.   
 
To increase our understanding of seasonal variation in lifestyle behaviours by examining 
these behaviours longitudinally in the same sample over a one year period. 
Another focus of this study was to investigate seasonal variation in PA, SB, sleep patterns 
and dietary intake.  Seasonal variation in PA and dietary intake is not a new field of research 
and has been investigated in America 228, 247, 299, Europe 46, 300, 319, 334,359 and Canada 251.  
There are a few studies which have investigated seasonal variation in PA in the UK via self-
report measures 390 and pedometer determined step counts 64, 134 however, this current 
study adds a further dimension by measuring PA objectively with an accelerometer and 
simultaneously measuring SB, sleep and dietary intake in the same sample of UK adults.   
 
It is difficult to make direct comparisons with previous research as this is the first study to 
objectively monitor both PA and SB using an accelerometer and to monitor sleep patterns 
and dietary intake in a sample of UK adults.  However, this study does support previous 
findings of seasonal effects on self-reported PA 390 and step counts 64, 134 of UK adults, with 
peak activity levels occurring in the summer months.  However, none of the previous studies 
incorporated a measure of sedentary time.  This study has been able to further demonstrate 
evidence of seasonal variation in SB.  The highest amount of SB was recorded in winter, with 
sedentary time being significantly higher in winter in comparison to all other seasons.  
Additionally, the SB recorded in autumn was also significantly higher to that recorded in 
summer and spring.  Whilst MVPA remained stable across the seasons, it appears that 
participants were replacing LIPA with SB in winter and autumn as time in LIPA decreased 
significantly in the autumn and winter.  In addition to wake time SB being different across 
seasons, TIB appeared to be affected by season, with TIB being significantly higher in the 
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winter when compared to spring.  However, the amount of time participants spent sleeping 
appeared to remain the same across the seasons.  It therefore appears that total waking 
time SB increases substantially during the winter, manifested by both increases in 
accelerometer-determined SB and time spent awake in bed.  Seasonal variation of dietary 
intake is not a new concept, however, results from previous studies about the pattern of 
association have been inconsistent.  The effect of season on diet in UK adults had not been 
previously investigated, although this small sample of UK adults demonstrated no significant 
seasonal effects on dietary intake in terms of carbohydrate, protein, fat, total energy and 
alcohol consumption. 
 
Previous studies and logic suggest that weather conditions can strongly promote or deter 
physical activity.  In UK, different seasons experience different weather conditions, though 
not the extreme conditions that are experienced in differing parts of the World.  There is 
limited research investigated seasonality in PA in the UK, however Uitenbroek 390, Clemes et 
al 64 and Hamilton et al 134 have previously found PA to fluctuate by season.  This study 
aimed to further the evidence available in UK adults by monitoring PA objectively with an 
accelerometer and seeing how activity changes in relation to sunshine hours, temperature 
and precipitation over the monitoring period. 
 
The seasonal variation in PA and SB reported in this study reflects changes in temperatures, 
sunshine hours and total rainfall measured in the UK at the time of data collection.  The 
highest levels of LIPA were observed over the summer months.  According to the Met 
Office, summer experienced the warmest temperatures over the seasons, high levels of 
sunshine hours, but also the second largest amount of rainfall.  It may be that rainfall is not 
a strong deterrent for light intensity physical activities such as walking.  It may be that the 
light intensity activities are part of the participant’s routine and rain does not prevent them 
from partaking in these activities.  An observation reported in a systematic review by Tucker 
and Gilliland 384 suggests that environmental attributes such as daylight hours, temperature 
and precipitation may affect PA levels.  However, in their study, Matthews et al 247 reported 
that the cyclical nature of PA appeared to follow the same pattern as that of average daily 
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temperature and daylight hours, a similar finding to the current study.  Additionally, a study 
conducted in Scotland, UK by Sumukadas et al 361 found that in a population of older adults 
day length, maximum temperature and daily sunshine hours have a significant influence on 
physical activity could account for approximately 73% of monthly variance. Rainfall data 
appeared to be fairly stable over the seasons with a peak in autumn , however, The Met 
Office only provides information on total volume of rainfall and not the number of 
precipitation days.  As stated by Tucker and Gilliland 384 it may rain in every season; 
however, it is the continuous poor weather that acts as a deterrent for PA.  This means that 
understanding precipitation days might be more useful information for understanding PA 
patterns.  The lowest levels of LIPA were observed in the winter months, at which point 
temperatures and sunshine hours were at the lowest of the year.  The colder temperatures 
brought ice and snow, which may have inhibited many of these light intensity activities.  
However, with no data on snow fall or ice coverage, this is merely speculation.   
 
In terms of SB, the patterns of this behaviour mirrored the patterns of sunshine hours, 
whereby the lowest levels of SB were observed in the spring and the highest levels of SB 
were observed in the winter.  As daylight hours are longer and the weather is warmer in 
summer and spring, temperature and sunshine hours may be more of a controlling 
determinant for UK adults to limit their SB.  There is evidence that suggests low levels of 
light bring about reduced alertness which may in turn cause sleepiness 375.  The shorter 
daylight hours experienced in the winter, may promote sedentary pursuits and going to bed 
early, but not necessarily falling asleep early.  This finding could explain the noticeable 
increase in time spent in bed in the sample of UK adults during the winter months, yet 
stable sleep durations over all seasons.   
 
The different temperatures and weather conditions experienced in the UK over different 
seasons have some effect on the availability of some foods and you would therefore expect 
some seasonal variability in terms of diet.  Though this study did not find significant seasonal 
variations of dietary intake, it may be that the sample size was too small to be powerful 
enough to identify these differences, or the FFQ may not have been sensitive enough to 
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detect such patterns. There was a small, non-significant, increase in the percentage of 
calories derived from fat in males over the winter and autumn months, however this trend 
was not observed in the female sample.  There may have been a seasonal variation in 
consumption of certain foods (due to availability), but the macro-nutrient content of the 
participants’ diet remained stable over the seasons. 
 
The majority of activity minutes were spent in LIPA.  For this sample of UK adults, 
significantly more time was spent in LIPA in the summer and spring months in comparison 
to the autumn and winter months.  LIPA is characterised as activities that do not require too 
much effort, such as slow walking, strolling, domestic or occupational tasks such as ironing, 
washing dishes etc 275.  This sample may take more strolls in the summer and the spring 
when the daylight hours are longer and weather is warmer; this would support the findings 
of more steps being undertaken in summer reported in the pedometer studies of Hamilton 
et al 134 and Clemes et al 64.   
 
In this sample of UK adults, time spent in MVPA remained fairly stable throughout the year.  
However, this was an active sample with males averaging 49 mins/day and females 
averaging 36 mins/day of MVPA.  It may be that MVPA is accumulated within their daily 
routine which is not affected by season.  Matthews et al 247 reported a significant increase in 
PA in the warmer months (summer and spring) as a result of increased participation in yard 
work and exercise or recreational activities.  It is worth noting that the waist worn 
accelerometers do not calculate energy expenditure and cannot record activities such as 
cycling or upper body movements accurately 243, it is therefore possible that the 
accelerometers did not register higher intensity activities due to the nature of the activity.   
Though there were no statistically significant gender differences in MVPA, the female 
sample followed the expected pattern of MVPA being lowest in the winter months.  
However, in the male sample, MVPA was at its highest during the winter months, although 
there was small variation between the seasons.  In this sample men did participate in 
significantly more MVPA than women, a finding which has been found by the Health Survey 
for England 76.  However, it is important to note that with this current sample, both males 
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and females averaged over 30 minutes/day of MVPA, showing that they were maintaining 
healthy activity levels.  A study by Hagströmer et al 127 found that American males also did 
significantly more objectively measured MVPA in comparison to American females. 
 
The sample recruited for this study were an active population participating in excess of 30 
minutes/day of MVPA.   However, even those who meet the government PA guidelines can 
suffer from the detrimental effects of prolonged SB 133, 143.  Healy and colleagues 143 
demonstrated that even Australian adults that met government guidelines of PA still 
demonstrated significant dose-response detriments of television viewing time on waist 
circumference, blood pressure and plasma glucose.  The Department of Health have 
recognised the importance of people reducing SB in their daily lives by incorporating 
recommendations to reduce SB in their PA guideline report, Start Active, Stay Active 86 (pp. 
32-37).  It is vital to understand how much time spent in SB becomes detrimental to health 
and to understand whether people are consistently inactive across the days of the week and 
seasons of the year.  The work outlined in this thesis is the first to address the latter. Whilst 
this study found small, but positive associations between SB and diastolic BP and body fat 
percentage, there is a wealth of evidence, using larger sample sizes that have found that 
increased time in SB is detrimental to health 88, 95, 133, 143.  As mentioned in chapter 4 (pp. 
108), there were weaknesses with the sample size of this study as well as the current study 
representing a healthy and active group. Therefore, the results from previous, larger studies 
that show a relationship between SB and health should not be ignored.     
 
With a marked increase in overweight and obesity in England 268, this study aimed to 
identify seasonal variation in lifestyle behaviours that have an impact on the energy balance 
equation.  The study found that LIPA, SB and TIB were all affected by season, with 
participants demonstrating the largest amounts of LIPA in summer and spring and the 
highest amounts of SB and TIB in autumn and winter.  These seasonal differences in activity 
levels were not counter balanced by seasonal changes in diet.  Despite the seasonal 
variations in activity and lack of variation in diet, there were no significant variations in 
weight, BMI, fat percentage, waist circumference, systolic or diastolic blood pressure across 
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seasons.  However, weight, BMI, fat percentage, waist circumference and diastolic blood 
pressure were all highest in winter, when TIB and SB levels were at their highest and time in 
LIPA was at its lowest.  It may be that the sample was not large enough to pick up a 
statistically significant change in the indicators for poor health. Nevertheless, it appears that 
the increased time spent sedentary and the reduced time spent in LIPA in the winter may 
have contributed to a positive energy imbalance occurring during this season which was 
reflected in a tendency for an increase in body weight (~3lbs) to be observed in the present 
sample.  Additionally, a review by Donnelly et al 90 summarises the evidence which supports 
moderate intensity PA between 150-250 minutes/week to be effective for preventing 
weight gain and only greater amounts (> 250 minutes/week) of moderate intensity PA will 
elicit significant weight loss.  Moderate-intensity PA between 150 and 250 minutes/week 
will improve weight loss in studies that use moderate diet restriction.  Although the 
variations in LIPA and SB were significant, the lack of change in MVPA and dietary intake 
across seasons may account for the lack of significant variation in weight, BMI and fat 
percentage.     
 
Whilst the current sample, on average, achieved the previously recommended 30 
minutes/day of MVPA, this sample also appeared to spend a large proportion of their 
waking hours in SB, averaging over 10 hours/day (67.6% of accelerometer wear time).  
When looking at PA, SB and sleep parameters together, these participants spent more time 
being sedentary than the time they spent in any other behaviour, including sleeping at 
night.  Accelerometer derived SB has been examined previously in Australia 146, Sweden 126 
and Canada 68.  Healy and colleagues 146 found that Australian adults typically spent 57% of 
accelerometer wear time in SB, whereas Hagströmer et al 126 found the Swedish population 
spent 55.3% of accelerometer wear time in sedentary pursuits.  Findings from Colley and 
colleagues 68 in Canada found similar results to the present study, with Canadian adults 
typically spending 69% of waking hours in SB.  This study found that SB and LIPA were 
negatively correlated (r = -0.78) and that participants appeared to be replacing LIPA with SB 
in winter and autumn.  From these findings, it may be that interventions aimed at reducing 
time spent in SB, may in fact elicit an increase in LIPA.  Though LIPA was shown to be 
detrimental on indicators for poor health in this study, evidence from larger studies have 
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shown LIPA to be beneficial on blood glucose levels 142.   Research has demonstrated the 
detriments to health of prolonged SB and the benefits of breaks in SB 143, therefore health 
policies should focus on reducing this highly dominant behaviour.  If interventions aimed at 
reducing SB also elicit an increase in LIPA, it may be that the participants reap the benefits 
of reduced SB and increased PA.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
199 
 
                POLICY AND PRACTICE IMPLICATIONS 
 
This study has found that lifestyle behaviours differ across seasons; a finding that has 
important public health ramifications.  Reductions in PA levels and increased time spent 
sedentary during the winter months, with no alterations made to dietary intake, could have 
implications in terms of positive energy imbalance during this time of the year, which may 
lead to weight gain.  Hill et al 154 believe that the obesity epidemic has resulted from a small, 
gradual yearly weight gain and concluded that weight gain in 90% of the US population was 
due to a positive energy imbalance of 100 kcal/day or less.  As highlighted by Shephard and 
Aoyagi 336, an energy imbalance equivalent to 0.5-1.0kg accumulation of body fat occurs on 
an annual basis, this will lead to substantial weight gain and subsequent health risks over 
10-20 years.  Additionally, past research has suggested that the effects of exercise and the 
benefits of a healthy, balanced diet are only maintained as long as the PA 1, 233, 404 and 
dietary intake 1, 84 are continued.  Regular PA is, in part, a habit and if the habit is broken 
over the winter months, it may be harder to restart this behaviour in the subsequent 
months.  Health care professionals should be offering advice on PA, particularly during 
adverse weather conditions, noting the benefit of protective clothing for the cold and the 
wet and reflective clothing for safety for the shorter days and the promotion for indoor 
opportunities to be physically active.  An emphasis should be placed on finding activities 
which people find fun and therefore will be less likely to stop the behaviour in adverse 
weather conditions 412. 
 
 
This research has also shown the importance that government estimates of lifestyle 
behaviours in English adults should not just be presented by one time point as this 
behaviour changes throughout the year.  If investigators are to study sample participants at 
one time point in the year, it may result in an under- or over-estimation of lifestyle 
behaviours.  However, further research is needed to understand the factors behind seasonal 
changes in PA and to overcome the barriers to being more active in the winter months.  
With this further understanding, interventions aimed at increasing PA levels may want to be 
targeted towards these issues, with organised, indoor alternatives for activity being made 
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available when the weather and daylight hours become barriers to PA participation. The 
present findings support the concept that health promotion campaigns need to encourage 
long term participation in PA, limit sedentary time and encourage healthy eating all year 
round.  Strategies for overcoming barriers to PA under unfavourable environmental 
conditions will be needed for this to be achieved, in addition to interventions reducing SB, 
even in the winter months.  For example, there is promising research demonstrating that 
mall walking in the USA is beneficial for health and is highly attended 81.  These big, indoor 
spaces provide walking opportunities for people when the weather is less pleasant to be 
outside. Project STAND is a pioneering trial aimed at reducing SB in young adults at risk of 
type 2 diabetes 421; results are yet to be published, however, this study provides a platform 
for the development of further interventions aimed at reducing SB.      
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                METHODOLOGICAL CONSIDERATIONS 
 
In much of the previous literature validated tools have been used to assess to PA 130, 142, 
399, SB 132, 145, 146, sleep 43, 117 and dietary intake 129, 236 and relate them to health outcomes, 
however, there is no evidence, to date, that assesses all these behaviours simultaneously in 
one sample.  With recent evidence emerging that the detrimental effects of prolonged SB 
are independent to PA levels 93, 144, it is vital to monitor lifestyle behaviours which affect 
health, simultaneously.  However, the burden placed on the participant in order to attain 
the necessary data must be considered.  Pruitt et al 312 documented that any demand placed 
on a participant, especially in longitudinal studies, will result in attrition, with greater 
demand resulting in greater attrition rates.  Therefore, a small sample (n = 19) were 
recruited to test the feasibility and acceptability of using the multiple validated methods to 
assess PA, SB, sleep and diet.  Reviews of literature were conducted to identify which 
methods could be used to monitor each of these behaviours.     
 
Out of the 19 participants who were recruited to have their PA, SB, sleep and dietary intake 
monitored, 18 participants completed all aspects of the study.  From this feasibility study, it 
appeared that measuring 4 different behaviours using 3 different measurement tools 
(accelerometer, sleep diary and food frequency questionnaire) was acceptable and the 
method was therefore implemented for the longitudinal study.  However, throughout the 
course of the longitudinal study, it became apparent that the study had some limitations.  
Though compliance was extremely high in the feasibility study (95%), the compliance rate 
was much lower for the longitudinal study with 76% of the 95 participants completing at 
least 1 season of monitoring and only 49% completing the full protocol for all 4 seasons.  In 
line with what Pruitt et al 312 emphasised in their paper, longitudinal studies lose 
participants due to the longer time demands placed on them.  Though the compliance rate 
was high in the feasibility study, it was a one off commitment for participants.  In addition, 
those recruited for the feasibility study were known associates of the researcher and 
therefore it is possible that there was bias against “real world” application of this 
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methodology.  If recruiting had taken place for the feasibility study outside of the 
researcher’s known environment, the feasibility study may have demonstrated that the 
burden was too much for some people.  As part of a PhD research project, there were 
constraints in terms of time, equipment and resources to recruit more participants for the 
longitudinal study, to overcome the high levels of attrition experienced. 
 
In terms of equipment selection, the Actigraph GT1M was chosen to monitor both PA and 
SB.  This monitoring tool has been widely used in previous studies to monitor PA 127, 142, 378 
and more recently SB 59, 141, 146, 246.  To derive how much time has been spent in different 
intensities, various cut points have been introduced 110, 151 which have yielded different 
interpretations of the same data 353, therefore complicating the matter.  However, the 
Freedson cut-points were used to classify PA intensities in this study 110 as they were 
originally derived from an adult population and are one of the most commonly reported cut-
points in the literature thus making comparisons with other studies simpler 142, 199. By using 
these cut points, it was possible to make direct comparisons with this population to those of 
other studies.  A cut point of <100 counts per minute (cpm) was used to classify SB.  
However, this cut point has not been validated, but at the time of data analysis it was a 
commonly used cut point to identify and quantify SB.  Using this cut point can allow 
comparisons to be made with other studies using the same cut point to classify SB 141, 145, 146, 
318.  However, a study by Kozey-Keadle 200 found that a cut point of <150 counts per minute 
may be more appropriate to define SB.  Additionally, since starting this longitudinal study 
there have been advancements in the monitors available to objectively assess PA and SB.  
ActiGraph released a new accelerometer, the ActiGraph GT3X and GT3X+, which includes an 
inclinometer function.  Research has found the ActiGraph GT3X to be an accurate tool to 
estimate free-living PA 322 and the new inclinometer function to be accurate in defining 
anatomical position 53.  It may be that PA, SB and sleep could be objectively measured using 
this one device, thus eliminating the need for a self-report sleep diary and further reducing 
the burden placed on the participant.  However, a lack of consensus in cut points for both 
PA intensities and classification for SB, both within and between accelerometer models, 
remains a major barrier for data interpretation.  
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Though the scientific study of SB is rapidly growing, there still remains ambiguity about what 
exactly this behaviour is.  Typically, SB is classified as an independent behaviour to PA and 
encompasses pursuits undertaken whilst sitting or lying down that result in little or no 
energy expenditure, typically <1.5 METs 288.  A recent review by Healy et al 141 recommends, 
where possible, that both self-report measures (to capture behaviour and domain specific 
information) and objective measures (to capture sedentary time and patterns) should be 
used to monitor to SB.  Kozey-Keadle et al 200 found that the activPAL was highly correlated 
with direct observation (R2=0.94) and is more precise and sensitive to reductions in 
sedentary time when compared to the ActiGraph as it can distinguish between body 
postures such as sitting and standing.  Whilst the new ActiGraph models (GT3X+) have an 
inclinometer function, it is still unclear as to how good this device is at distinguishing 
postures. Therefore in studies specifically interested in SB, the activPAL may be a better 
objective tool. However if you are interested in both SB and PA, you may increase 
participant burden by requesting that they wear two monitors.  
 
In this study, both sleep patterns and dietary intake were measured using self-report 
measures.  Self-report measures rely on both participant’s memory and honesty to 
complete responses accurately.  The FFQ was chosen as a method to assess dietary intake as 
they have been shown to be reasonably accurate in estimating dietary intake 29, 51, 203, 
however, there is variability at the individual level and it has been suggested that FFQs are 
not as accurate at quantifying individual intake, which may be needed to see a change in 
dietary intake over time 8.  Energy intake in this sample were significantly below 
recommendations for both males and females (2052.7 and 1759.6, respectively), which 
indicates that both males and females underestimate their food intake.  It is possible that 
the FFQ may not have been sensitive enough to pick up seasonal changes in diet.  FFQs may 
be more accurate for estimating dietary intake in groups rather than individuals or ranking 
individuals 51.  However, the burden on the participant needed to be reduced in order to 
maintain compliance throughout the current longitudinal study.  A daily sleep diary 
developed at Loughborough University based on the Pittsburgh Sleep Diary 44 was used to 
assess sleep patterns in this study.  Though the diary was developed using the guidelines 
recommended by Buysse et al 44, this current sleep diary has not yet been validated.   
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Subjective measures of any behaviour do have their shortcomings as they require 
commitment from the participant to complete and to complete as honestly as possibly.  
Kushida and colleagues 206 found that subjects overestimated sleep time and sleep 
efficiency, however, only by 0.3h and 2.5%.  If sleep could be monitored using a monitor 
which also measured PA and SB, it could be possible to monitor dietary intake with a more 
sensitive, yet more burdensome method such as a weighed food diary or multiple 24-hour 
dietary recalls, however, these too are self-report and rely heavily on the memory and 
honesty of the participant.  The ActiGraph GT3X+ has been chosen to assess the physical 
activity and sleep habits of participants in the National Health and Nutrition Examination 
Survey (NHANES) 265.  However, these will be placed on the wrist and there is no data to 
confirm the validity or reliability of ActiGraph GT3X+ worn on the wrist to assess PA or sleep.  
However, they do hold promise for the combined assessment of these multiple behaviours.  
 
As this study was the first study to monitor these behaviours concurrently, once the 
methods had been chosen, a feasibility study was conducted using 74 participants to assess 
if the proposed methodology was in fact possible both for the participant and the 
researcher.  This study allowed the researcher to assess what worked and what did not work 
and with positive results from this feasibility study, minor amendments were made for the 
longitudinal methodology.  If further amendments were made to the current methodology, 
it is vital to evaluate the feasibility of the altered methods and to assess compliance rates.  
However, the participants recruited for the longitudinal study were all healthy volunteers 
who were keen to learn more about their lifestyle.  It is possible that these participants 
were all very similar and not a true representative sample of the UK population, therefore 
the generalizability of these results is low.  The small sample may also explain the lack of 
seasonal variation in MVPA, which has been observed in other studies.   
 
From this study some research priorities have become apparent.  It is vital that seasonal 
variation in PA, SB, sleep and dietary intake is further assessed using a larger, representative 
sample from the UK.  In order to do this objective, unobtrusive methods for accurately 
assessing dietary intake and accurate objective tools which can concurrently measure PA, SB 
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and sleep need to be developed.  Once these tools have been developed and validated, it 
will be possible to objectively measure all these lifestyle behaviours in larger samples.  This 
study indicated that seasonal variation does exist in some of these behaviours in UK adults, 
however, due to the small sample size, it is difficult to ascertain whether or not the lack of 
seasonal variation in MVPA and dietary intake was due to the fact that these behaviours 
were not affected by season or because the sample size was too small to pick up any subtle 
variations.  As this study was part of a PhD thesis, there were limitations in terms of money 
for monitoring tools, which limited the amount of participants that could be recruited.  
Large scale surveillance studies such as the Health Survey for England could implement 
these methods and gather much more objective data than they do currently 76. 
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                              FINAL CONCLUSIONS AND RESEARCH PRIORITIES 
The increasing evidence of associations between multiple lifestyle behaviours (PA, SB, sleep 
and diet) and both immediate and long term health implications is of public health concern.  
There is a need to fully understand the patterns of all of these behaviours and to further 
investigate the effect of these behaviours on health.  This study was the first of its kind to 
simultaneously monitor PA, SB, sleep and dietary intake in a sample of UK adults across all 
seasons.  This research supported previous studies and found that moderate intensity PA 
has a beneficial association with poor health indicators (BMI, body fat and waist 
circumference).  This thesis also identified that LIPA, SB and TIB were affected by day of the 
week, with LIPA and TIB increasing on a Sunday and SB being significantly lower on a 
Sunday.  In addition to day of the week effects, lifestyle behaviours were affected by season, 
with LIPA being significantly lower in the winter months, whilst SB, TIB and weekday sleep 
duration was significantly higher in winter months.  Such findings add considerably to the 
existing literature and are important as they suggest that, even in an active population, 
lifestyle behaviours vary not only by day, but across the seasons too.  This has implications 
for surveillance studies which estimate these behaviours at one time point during the year, 
but also for interventions aimed at improving these behaviours which are implemented at 
just one time period of the year or assume the same type of intervention will work in 
different seasons of the year.   
 
However, as with any pioneering work, this thesis has identified future research priorities to 
further the current work, which would serve to increase our knowledge and understanding 
of these behaviours. These research priorities are listed below: 
 Develop valid and reliable objective measures which can accurately monitor PA, SB 
and sleep patterns and algorithms which can accurately differentiate between sleep 
and wakefulness (e.g. accelerometers with inclinometer functions which can 
differentiate between sleep and wakefulness). 
 Develop objective, unobtrusive methods for accurately assessing dietary behaviours 
(e.g. personal cameras/smart phone devices). 
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 Examine the feasibility of monitoring multiple lifestyle behaviours with improved, 
objective tools with a larger and more diverse sample. 
 Examine the effects of these lifestyle behaviours on health in a larger and more 
diverse sample. 
 Examine both day of the week effects and seasonal variation of PA, SB, sleep and 
diet in a larger and more diverse sample. 
 
In the present sample, SB and TIB increased significantly in the winter and this was 
accompanied by a reduction in time spent in LIPA during the winter. No seasonal changes in 
MVPA and diet were observed. With a lack of seasonal change in MVPA and diet to counter 
the increased time spent sedentary in winter, and reduced time spent in LIPA, it is possible 
that these changes lead to a positive energy imbalance in winter and this assumption was 
confirmed by subtle increases in body weight observed during this season. The present 
findings support the concept that health promotion campaigns need to encourage long term 
participation in PA and limit sedentary time all year round.  Strategies for overcoming 
barriers to PA under unfavourable environmental conditions will be needed for this to be 
achieved, in addition to interventions reducing SB, even in the winter months.  Regardless of 
season, SB was the predominant behaviour exhibited in this relatively active sample studied, 
with time spent sedentary being more prevalent than time spent sleeping at night. 
Interventions are urgently needed to reduce this behaviour and such interventions should 
include an element which specifically focuses on reducing SB during the winter months 
when this behaviour is at its most prevalent.  Future research will need to determine ‘safe’ 
levels of sitting time in order to inform more specific public health guidelines (similar to our 
very prescriptive PA guidelines) to reduce the burden of diseases associated with prolonged 
sitting. This could then lead to policy changes in the work place to reduce the overall 
amount of time spent sedentary in today’s very sedentary workplaces. 
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APPENDICES 2 
Participant information, initial screening health screening and consent form and subsequent 
season consent forms for the longitudinal study described in chapter 3.2 
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Objective Assessment of physical activity and dietary patterns of adults within the 
East Midlands 
Participant Information Sheet 
Sophie O’Connell 
The School of Sport, Exercise and Health Sciences 
Loughborough University 
Leicestershire 
LE11 3TU 
s.oconnell@lboro.ac.uk 
01509 223083 
 
Dr Stacy Clemes, The School of Sport, Exercise and Health Sciences, s.a.clemes@lboro.ac.uk, 
01509 228170 
Dr Paula Griffiths, The School of Sport, Exercise and Health Sciences, 
p.griffiths@lboro.ac.uk, 01509 228486 
What is the purpose of the study? 
Physical activity and a good diet are essential components to a healthy lifestyle.  Physical 
activity in addition to a varied, well-balanced diet can help to maintain healthy body weight, 
enhance general wellbeing and reduce the risk of a number of diseases including heart 
disease, stroke, cancer, diabetes and obesity.  However, changes in eating patterns and diet 
quality, alongside a marked increase of physical inactivity, are resulting in increased 
morbidity and even premature mortality from these preventable chronic diseases.   
Over the last 30 years, there has been a noticeable reduction in physical activity levels in the 
workplace attributable to increased technology.  With many more people in full-time work, 
eating patterns have changed and there is increased consumption of high calorie, 
convenience foods.  With this in mind, those of working age are at ever increasing risk of 
behaviours detrimental to their health. 
Therefore, the aim of this study is to objectively assess physical activity levels and dietary 
patterns of working age adults within the East Midlands. 
Who is doing this research? 
As part of her PhD at Loughborough University, Sophie O’Connell (MSc) will be taking 
responsibility for this research and will be supervised by Dr Stacy Clemes and Dr Paula 
Griffiths.  
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Requirements 
Participants will be asked to visit the laboratory on two separate occasions.  During the first 
visit, measurements will be taken (age, height, weight, body composition, waist 
circumference and blood pressure) and individuals who agree to take part will then be given 
the chance to ask any questions and then asked to sign a consent form and fill in a health 
screen questionnaire.  Everyone will then be given an elasticated belt with an accelerometer 
(a small device that will measure your movements) which can be placed on their waistband 
comfortably and discreetly.  The participants will be required to wear the accelerometer 
during waking hours on 9 consecutive days.  On the morning of each day, participants will be 
required to fill in a daily sleep diary and each evening will be required to complete a basic 
activity log.  Participants will also be asked to complete a Food Frequency Questionnaire, 
which will capture their usual eating patterns, as well as a physical activity diary.   
The second visit will be relatively brief as it will require the participants to return the 
accelerometers and paperwork they have completed over the data collection period and to 
fill in a brief questionnaire.  During this visit, participants will be asked to firstly fill in a very 
brief follow up questionnaire, regarding your occupation and your neighbourhood and to 
assess your personal thoughts on your own physical activity levels both during the working 
day and in leisure time.   Participants will also have their weight, body composition and 
waist circumference measurements taken again.  
This process will ideally happen over 4 time points in the year, however, as a participant you 
have the right to withdraw at any time. 
 
It is strongly requested that all participants continue with their usual patterns and not to 
change their physical activity levels or diets purely for the duration of this study.    
 
Exclusion Criteria 
Individuals will be excluded from taking part in this study if they are/have: 
 Pregnant, or could possibly be pregnant 
 A heart pacemaker 
 Recovering from major illness 
 Undergoing any form of rehabilitation 
 
Once I take part, can I change my mind? 
Yes!  After you have read this information sheet and asked any questions you may have we 
will ask you to complete an Informed Consent Form, however if at any time, before, during 
or after the sessions you wish to withdraw from the study please just contact the main 
investigator.  You can withdraw at any time, for any reason and you will not be asked to 
explain your reasons for withdrawing. 
Your participation within this study is greatly appreciated by all researchers.  Upon 
completion, we will be able to give you feedback on your activity levels, sleep quality, 
dietary patterns and body composition. 
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Why take part? 
As mentioned previously, physical activity and a healthy, balanced diet are essential 
components to a healthy lifestyle.  Increasing physical activity levels will help prevent and 
manage over 20 conditions and diseases including cancer, coronary heart disease, diabetes 
and obesity.  Investing in the health of your employees can also bring business benefits such 
as reduced sick absence and staff turnover as well as increased productivity and improved 
performance.  At the end of this study, I will provide a report for you demonstrating the 
physical activity patterns and dietary intake of your workforce and work with you to develop 
ways to improve these within your workforce.
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Consent Form 
 
Objective Assessment of physical activity and dietary patterns of adults within the East 
Midlands 
Investigators: Sophie O’Connell and Dr Stacy Clemes  
The School of Sport, Exercise and Health Sciences, Loughborough University 
 
 
I confirm that I have received, read and understood the information sheet.  I 
have had the opportunity to consider the information, ask questions and have 
had these answered satisfactorily. 
 
 
I understand that my participation is voluntary and that I am free to withdraw at 
any time, without giving a reason and without my professional or legal rights 
being affected. 
 
 
I understand that measurements taken (age, height, weight, body composition, 
waist circumference, blood pressure, daily activity, diet and sleep)  will be 
recorded anonymously and may be used in publications and presentations 
 
 
I understand that the data will not be available to me after the study.  
 
 
 
I agree to take part in the above study 
Signature (Participant)…………………………………………… 
 
 
 
 
Date…………..…… 
NAME (BLOCK CAPITALS)…………………………………………………………  
 
I have explained the study to the above participant and they have indicated  
their willingness to take part 
 
 
Signature (Researcher)…………………………………………….  Date…………..…… 
NAME   SOPHIE O’CONNELL  
Please complete this brief screening questionnaire to confirm that it is appropriate for 
you to participate.  It includes some health questions: 
It is important that volunteers participating in this study are currently in good health and 
have no significant medical problems.  This is to ensure (i) your own continuing well-
being and (ii) to avoid the possibility of individual issues confounding study outcomes. 
1. At present, do you have any health problem for which you are: Yes □ 
 a) On medication, prescribed or otherwise   Yes ⃞ No ⃞ 
 b) Attending your general practitioner   Yes ⃞ No ⃞ 
2. Have you ever had any of the following: 
 a) Asthma       Yes ⃞ No ⃞ 
 b) Heart problems      Yes ⃞ No ⃞ 
 c) Problems with bones, joints or muscles   Yes ⃞ No ⃞ 
 d) Disturbance of balance/coordination    Yes ⃞ No ⃞ 
 e) Numbness in hands or feet    Yes ⃞ No ⃞ 
3. Are you currently dieting, for any reason?   Yes ⃞ No ⃞ 
4. Do you have a heart pacemaker fitted?    Yes ⃞ No ⃞ 
5. In the last 3 months have you: 
 a) Experienced weight loss     Yes ⃞ No ⃞ 
 b) Given up smoking     Yes ⃞ No ⃞ 
 c) Recovered from a major illness    Yes ⃞ No ⃞ 
 d) Experienced a major life event (e.g. bereavement)  Yes ⃞ No ⃞ 
6. Has any, otherwise healthy, member of your family under the  Yes ⃞ No ⃞ 
 age of 35 years died suddenly during or soon after exercise? 
For female participants: 
7. Are your periods normal/regular?    Yes ⃞ No ⃞ 
8. Or are you passing through/have passed through the menopause Yes ⃞ No ⃞ 
9. Could you be pregnant?     Yes ⃞ No ⃞ 
10. Have you given birth within the last 3 months?   Yes ⃞ No ⃞ 
11. Are you currently breast feeding, or have you done so   Yes ⃞ No ⃞ 
within the last 3 months?
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Consent Form 
 
Objective Assessment of physical activity and dietary patterns of adults within the 
East Midlands 
Investigators: Sophie O’Connell and Dr Stacy Clemes  
The School of Sport, Exercise and Health Sciences, Loughborough University 
 
 
I confirm that I am still happy to participate in this study and understand 
what the study involves. 
 
I understand that my participation is voluntary and that I am free to 
withdraw at any time, without giving a reason and without my 
professional or legal rights being affected. 
 
I can confirm that I have not undergone any major life events (eg. 
Moving house, major illness etc) since the last monitoring period.  If you 
have, please make a note. 
 
 
I agree to take part in the above study 
Signature (Participant)…………………………………………… 
 
 
Date…………..…… 
NAME (BLOCK CAPITALS)…………………………………………………………  
 
I have explained the study to the above participant and they have indicated  
their willingness to take part 
 
Signature (Researcher)…………………………………………….  Date…………..…… 
NAME   SOPHIE O’CONNELL  
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APPENDICES 3 
Daily sleep diary, physical activity log and food frequency questionnaire participants were 
required to complete during each season of monitoring throughout the longitudinal study.
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DAILY SLEEP DIARY  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Date Date Date Date Date Date Date Date Date 
1 At what time did you go to bed last night?          
2 
At what time did you settle down intending 
to go to sleep? 
         
3 
After settling down, how long did it take 
you to fall asleep? 
         
4 
After falling asleep, how many times did 
you wake up in the night? 
         
5 
After falling asleep, for how long were you 
awake during the night in total? 
         
6 At what time did you finally wake up?          
7 At what time did you get up?          
8 Did you take a sleeping tablet last night?           
9 Did you nap yesterday?  If so, for how long?          
10 
Using the scale 1 to 5 how would you rate 
the quality of your sleep last night (1 = very 
bad; 5 = very good) 
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DAILY ACTIVITY LOG- INSTRUCTIONS 
You have been issued with an ActiGraph GT1M Monitor.  The device measures your 
daily activity levels, along with your step counts.  For this study, you are requested 
to wear the activity monitor and to record your daily physical activity/exercise for a 
period of nine days.  
In order to give accurate and reliable data please follow these simple steps: 
• Please put your accelerometer on as soon as you get out of bed in the 
morning and wear it all day, until you get back into bed in the evening. The 
accelerometer should be worn continuously throughout waking hours, and 
only removed when either bathing, showering and/or swimming. 
• At the end of each day please complete the activity log opposite recording 
what activities you did during the day and the durations of these activities. 
If you removed your accelerometer for any reason, please explain for what 
reason and for how long the accelerometer was removed for. 
• The accelerometers do NOT need to be reset at the end of each day, just 
make sure it is easily accessible in the morning so it can be worn as soon as 
you get out of bed. 
• To give accurate results, the accelerometer belt should be placed on, or as 
close to, your waistband as possible.  The accelerometer should be placed 
above the mid-line of the thigh, facing outwards.  If you have any 
questions, or problems, over the next nine days, please contact Sophie 
O’Connell via email (s.oconnell@lboro.ac.uk). 
 
Participant number_____    Actigraph____ 
Date 
Reason for 
removing 
accelerometer/  
duration 
Please give a brief account of 
any physical activity/exercise 
including approximate duration 
(for example: walk, 30 mins; 
gym, 60 mins etc.) 
On a scale of 1 to 5 
please rate your 
performance at 
work today (1-very 
bad; 5-very good) 
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APPENDICES 4 
Example page of a coded food frequency questionnaire in order for analysis to be done by 
the Clinical Gerontology Research Group at The University of Cambridge.
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APPENDICES 5 
Tables displaying time (in minutes) spent being active, in light intensity physical activity, 
moderate-vigorous physical activity and sedentary behaviour. 
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TABLE I. MEAN MINUTES/DAY SPENT BEING ACTIVE OVER THE WEEK (MONDAY-SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND ON 
WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO COMPLETED AT LEAST ONE SEASON OF MONITORING. 
 
 
 
TABLE II. MEAN MINUTES/DAY SPENT BEING ACTIVE OVER THE WEEK (MONDAY-SUNDAY), WEEKDAYS (MONDAY-FRIDAY) AND THE 
WEEKENDS (SATURDAY-SUNDAY) FOR THOSE PARTICIPANTS WHO COMPLETED ALL 4 SEASONS. 
 
 
 
 
 
 
 
 
Total time spent 
being active 
Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly Mean 
Min/day ± SD 
Female 
Male 
All 
338.3 ± 72.5 
333.0 ± 83.1 
336.6 ± 75.3 
318.1 ± 69.4 
301.4 ± 73.8 
312.9 ± 70.6 
285.9 ± 54.1 
316.5 ± 77.6 
296.1 ± 64.0 
341.0 ± 65.8 
329.0 ± 86.4 
336.8 ± 73.3 
Weekday  
Mean 
Min/day ± SD 
Female 
Male 
All 
330.7 ± 78.9 
326.8 ± 98.9 
329.5 ± 84.9 
318.1 ± 77.4 
303.3 ± 86.0 
313.5 ± 79.7 
280.7 ± 60.6 
311.3 ± 85.1 
290.9 ± 70.5 
333.6 ± 71.7 
332.5 ± 94.4 
333.2 ± 80.0 
Weekend  
Mean 
Min/day ± SD 
Female 
Male 
All 
355.4 ± 84.8 
347.3 ± 97.4 
353.0 ± 88.0  
318.8 ± 93.8 
307.7 ± 89.4 
315.5 ± 91.9 
298.5 ± 77.5 
322.1 ± 106.1 
306.4 ± 87.9 
358.9 ± 82.9 
320.2 ± 107.7 
345.2 ± 93.5 
Total time spent 
being active 
Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly Mean 
Min/day ± SD 
Female 
Male 
All 
345.0 ± 65.6 
348.4 ± 81.9 
345.2 ± 72.9 
319.7 ± 70.6 
309.5 ± 71.6 
316.8 ± 70.6 
289.7 ± 54.4 
312.4 ± 82.1 
296.1 ± 63.3 
345.3 ± 61.4 
343.6 ± 93.9 
344.8 ± 71.0 
Weekday  
Mean 
Min/day ± SD 
Female 
Male 
All 
337.4 ± 76.0 
336.7 ± 114.7 
337.2 ± 87.3 
318.8 ± 80.7 
306.8 ± 88.0 
315.4 ± 82.0 
285.5 ± 62.4 
303.9 ± 96.9 
290.7 ± 73.1 
337.5 ± 68.1 
337.0 ± 105.2 
337.3 ± 79.2 
Weekend  
Mean 
Min/day ± SD 
Female 
Male 
All 
356.3 ± 84.8 
374.4 ± 100.9 
361.4 ± 88.8  
320.7 ± 88.1 
319.4 ± 89.4 
320.0 ± 87.5 
301.6 ± 79.4 
325.2 ± 95.6 
308.3 ± 83.6 
364.2 ± 74.6 
360.1 ± 102.5 
363.0 ± 82.2 
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TABLE III. MEAN MINUTES/DAY SPENT IN LIPA OVER THE WEEK (MONDAY-SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND ON 
WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO COMPLETED AT LEAST ONE SEASON OF MONITORING. 
 
 
 
TABLE IV. MEAN MINUTES/DAY SPENT IN LIPA OVER THE WEEK (MONDAY-SUNDAY), WEEKDAYS (MONDAY-FRIDAY) AND THE 
WEEKENDS (SATURDAY-SUNDAY) FOR THOSE PARTICIPANTS WHO COMPLETED ALL 4 SEASONS. 
 
 
 
 
LIPA Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly Mean 
Min/day ± SD 
Female 
Male 
All 
305.0 ± 66.5 
285.7 ± 75.1 
299.0 ± 69.3 
280.9 ± 69.6 
263.6 ± 61.2 
275.7 ± 67.1 
254.0 ± 54.3 
265.0 ± 66.2 
257.7 ± 58.3  
301.4 ± 67.1 
280.2 ± 73.8 
293.9 ± 69.8 
Weekday  
Mean 
Min/day ± SD 
Female 
Male 
All 
298.6 ± 73.9 
279.1 ± 89.9 
292.5 ± 79.0 
282.3 ± 80.2 
263.0 ± 72.8 
276.6 ± 78.0 
251.5 ± 64.0 
262.2 ± 79.1 
255.1 ± 68.9 
296.6 ± 74.0 
279.5 ± 79.5 
290.6 ± 75.8 
Weekend  
Mean 
Min/day ± SD 
Female 
Male 
All 
318.3 ± 82.4 
302.0 ± 86.2 
313.4 ± 83.2 
277.5 ± 72.5 
267.1 ± 77.1 
274.4 ± 73.4 
260.8 ± 63.9 
264.6 ± 67.3 
262.1 ± 64.5 
313.3 ± 78.6 
281.9 ± 94.0 
302.3 ± 85.0 
LIPA Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly Mean 
Min/day ± SD 
Female 
Male 
All 
308.9 ± 65.9 
297.0 ± 84.1 
305.5 ± 70.7 
283.9 ± 74.1 
260.9 ± 65.9 
277.4 ± 71.9 
255.8 ± 56.6 
258.0 ± 75.4 
256.4 ± 61.6 
305.0 ± 67.1 
292.5 ± 80.8 
301.5 ± 70.5 
Weekday  
Mean 
Min/day ± SD 
Female 
Male 
All 
304.8 ± 75.6 
286.2 ± 104.6 
299.5 ± 84.0 
283.7 ± 86.0 
257.8 ± 81.0 
276.4 ± 84.5 
254.7 ± 67.9 
251.8 ± 93.4 
253.9 ± 74.9 
300.0 ± 73.0 
282.8 ± 91.4 
295.2 ± 78.0 
Weekend  
Mean 
Min/day ± SD 
Female 
Male 
All 
315.2 ± 82.6 
320.6 ± 89.2 
316.8 ± 83.5 
283.6 ± 73.6 
272.3 ± 75.8 
280.4 ± 73.6 
260.9 ± 64.6 
266.4 ± 55.0 
262.4 ± 61.5 
317.5 ± 74.8 
316.9 ± 84.7 
317.3 ± 76.8 
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TABLE V. MEAN MINUTES/DAY SPENT IN MVPA OVER THE WEEK (MONDAY-SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND ON 
WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO COMPLETED AT LEAST ONE SEASON OF MONITORING. 
 
 
 
TABLE IV. MEAN MINUTES/DAY SPENT IN MVPA OVER THE WEEK (MONDAY-SUNDAY), WEEKDAYS (MONDAY-FRIDAY) AND THE 
WEEKENDS (SATURDAY-SUNDAY) FOR THOSE PARTICIPANTS WHO COMPLETED ALL 4 SEASONS. 
 
 
 
 
 
MVPA Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly Mean 
Min/day ± SD 
Female 
Male 
All 
35.6 ± 22.3 
48.9 ± 25.6 
39.8 ± 24.0 
37.2 ± 21.8 
46.6 ± 21.9 
40.0 ± 22.0 
31.9 ± 17.9 
51.5 ± 30.9 
38.4 ± 24.6 
39.6 ± 21.4 
48.8 ± 29.8  
42.8 ± 24.8 
Weekday  
Mean 
Min/day ± SD 
Female 
Male 
All 
33.4 ± 22.1 
47.7 ± 28.1 
37.9 ± 24.8 
35.7 ± 22.0 
49.1 ± 22.0 
39.7 ± 22.7 
29.2 ± 18.4 
49.1 ± 28.1 
35.8 ± 23.8 
37.0 ± 20.2 
53.0 ± 32.4  
42.6 ± 26.1 
Weekend  
Mean 
Min/day ± SD 
Female 
Male 
All 
40.7 ± 32.1 
52.5 ± 31.1 
44.4 ± 32.0 
41.4 ± 41.5 
40.5 ± 31.8 
41.1 ± 38.6 
37.7 ± 32.9 
57.4 ± 48.3 
44.3 ± 39.5 
45.5 ± 36.6 
38.3 ± 37.4 
43.0 ± 36.8 
MVPA Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly Mean 
Min/day ± SD 
Female 
Male 
All 
35.1 ± 19.9 
51.4 ± 26.8 
39.7 ± 23.0 
35.8 ± 18.8 
48.6 ± 24.2 
39.4 ± 21.0 
33.9 ± 17.3 
54.4 ± 29.5 
39.7 ± 23.1 
40.2 ± 19.4 
51.1 ± 30.2 
43.3 ± 23.1 
Weekday  
Mean 
Min/day ± SD 
Female 
Male 
All 
32.6 ± 21.2 
50.5 ± 30.0 
37.7 ± 25.0 
35.1 ± 19.9 
49.1 ± 24.2 
39.1 ± 21.9 
30.8 ± 18.2 
52.0 ± 24.4 
36.8 ± 22.1 
37.4 ± 19.6 
54.2 ± 29.8 
42.2 ± 23.8 
Weekend  
Mean 
Min/day ± SD 
Female 
Male 
All 
41.0 ±29.4 
53.8 ± 27.7 
44.6 ± 29.2 
36.7 ± 33.3 
47.1 ± 32.2 
39.6 ± 33.0 
40.7 ± 34.4 
58.9 ± 49.0 
45.9 ± 39.3 
46.7 ± 36.1 
43.2 ± 48.0 
45.7 ± 39.3 
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TABLE V. MEAN MINUTES/DAY SPENT IN SB OVER THE WEEK (MONDAY-SUNDAY), ON WEEKDAYS (MONDAY-FRIDAY) AND ON 
WEEKEND DAYS (SATURDAY-SUNDAY) FOR PARTICIPANTS WHO COMPLETED AT LEAST ONE SEASON OF MONITORING. 
 
 
 
TABLE IV. MEAN MINUTES/DAY SPENT IN SB OVER THE WEEK (MONDAY-SUNDAY), WEEKDAYS (MONDAY-FRIDAY) AND THE WEEKENDS 
(SATURDAY-SUNDAY) FOR THOSE PARTICIPANTS WHO COMPLETED ALL 4 SEASONS. 
 
 
 
 
 
Sedentary Behaviour Summer  
(n= 64, 
69% female) 
Autumn 
(n= 57, 
70% female) 
Winter 
(n= 63, 
67% female) 
Spring 
(n= 71, 
65% female) 
Weekly Mean 
Min/day ± SD 
Female 
Male 
All 
664.2 ± 72.2 
658.0 ± 94.3 
662.3 ± 79.1 
666.6 ± 72.6 
694.3 ± 84.2  
674.8 ± 76.5 
698.2 ± 59.3 
677.5 ± 101.0 
689.3 ± 75.8 
654.8 ± 73.4 
678.1 ± 85.2 
663.0 ± 78.0 
Weekday  
Mean 
Min/day ± SD 
Female 
Male 
All 
687.5 ± 77.4 
685.1 ± 107.5 
 686.8 ± 87.0 
681.6 ± 82.3 
706.5 ± 108.7  
689.0 ± 90.7 
715.5 ± 62.5 
699.0 ± 112.0  
710.0 ± 81.8 
681.1 ± 82.9 
686.1 ± 100.6 
682.9 ± 88.9 
Weekend  
Mean 
Min/day ± SD 
Female 
Male 
All 
612.4 ± 107.1 
582.5 ± 131.1 
603.4 ± 114.4 
629.3 ± 96.8 
660.4 ± 95.7 
638.6 ± 96.7 
655.5 ± 91.2 
626.9 ± 106.8 
640.5 ± 103.7 
590.7 ± 91.3 
657.9 ± 100.8 
614.4 ± 99.5 
Sedentary Behaviour Summer  
(n= 46, 
72% female) 
Autumn 
(n= 46, 
72% female) 
Winter 
(n= 46, 
72% female) 
Spring 
(n= 46, 
72% female) 
Weekly Mean 
Min/day ± SD 
Female 
Male 
All 
658.8 ± 68.8 
656.7 ± 101.6 
658.2 ± 78.2 
662.6 ± 73.1 
699.1 ± 92.8 
672.9 ± 79.9 
693.9 ± 62.6 
682.6 ± 106.6 
690.7 ± 76.5 
647.4 ± 69.1 
673.8 ± 100.5 
654.9 ± 77.0 
Weekday  
Mean 
Min/day ± SD 
Female 
Male 
All 
678.3 ± 75.2 
688.9 ± 124.5 
681.3 ± 90.4 
678.1 ± 82.8 
714.6 ± 121.4 
688.4 ± 95.3 
708.5 ± 65.8 
704.9 ± 124.5 
707.5 ± 84.9 
674.9 ± 75.0 
695.4 ± 117.1 
680.7 ± 88.0 
Weekend  
Mean 
Min/day ± SD 
Female 
Male 
All 
616.7 ± 106.5 
568.5 ± 123.7 
603.1 ± 112.3 
627.4 ± 92.3 
655.2 ± 97.4 
635.3 ± 93.6 
657.0 ± 98.7 
631.5 ± 102.8 
649.8 ± 99.4 
579.4 ± 86.9 
620.0 ± 109.4 
590.8 ± 94.3 
